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Boobs of Navigation, Bc. 
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d, Scotland and Holland 
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“he Seaman's Practice, by Richard Noraood. 
Practical Navigation, or an Introd 
Che Whole Art of Navigation, 
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Syftem of the Mathematicks, in Two 
Navigation New Modelled, by Henry Wil/on. 
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Printed for William 
Tower-Hill. 


of the whole World. 
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ne Sea-Coatt o : be 
Nathaniel Colfon. 


he Whole Art, by FSeleg, 
by Capt. Daniel Newhouje. 7 


Two Books, by John Kerfey. 
Volumes, 4to. by fames Hodg/on. 


ling, by Fobn Good. 


y Samuel Heynes. 


and Rigging of a 
ual going to’ Sea. 

by [aac Barrow. 

eat Tutor, in 2 Volumes, by /9.Kadley; 
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Theory of ope at | 


Wwian BoIe EMONSTRATE 
| oe AND : 

Its RU DI M ENTS Clearly and Plainly F Biovsd, 
From the Firff and moft Simple | 


Principles of the Mathematicks, . 


WIT H 
All the Rales and Tables oe) In the’ PraGtice 


To which is added; 


A New Table of Difference of LONGITUDE | 
| to every Point, Half Point and Quarter Point of the 
Compafs; very ufeful for the Ready and Expeditious 
Working of Traverfes upon the Principles of Merca-j | 
tors Sailing, whereby the Difference of Longitude an-| | 
 fwering to every Single Courfe and Diftance may be] | 
had by Infpetion. . 


The Third ‘Edition,. with Alterations and Additions. 


y JAMES HODGSON, F.R.S. gndiMafter of 
ie Royal Mathematical-Schoot in Ghrift-Hofpital. 


LONDON: 


Printed for William Mount and T, homas Page, i in Poffern-| | 
Row, on Tower-Hill. 1738. 7 
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HIS Book, at its firff Appearance, met with 
“a hind Reception fram the Skillful and Inge- 
| xious Part of Mankind; and was afterwards 
' Re-printed at Dublin, wherein the Editor took 
BY the Liberty to make fome trifling Additions, 
as done by myfelf, though without either my 
Knowledge then, or Approbation afterwards. | oe 


His Royal Highne[s George Prince of Denmark, who was 
at that time Lord High Admiral, was pleafed to honour # 
with His Patronage: And the principal Motive which in- 
duced me to write it, was for the Ufe of the Gentlemen Vo-~ 

lintiers on Board the Royal Navy ; for whofe Benefit and 
Tnprovement, as well as to encourage and promote the 
Nautical Science, (0 conducive to‘the Wealth and Grandeur 
of this Moft Potent [fand, Her late Majefty Queen Anne 
bad appointed Teachers om Board the Jeveral ships of War. 


As the Books at that Time mof? in Vogue, conjfifted of a 
‘Parcel of Rules put together, without fo much as an Mt- 
tempt to foew the Reafon of any one individial Thing; 1 
thought I could not do a more acceptable Piece of Service, 
than to. digeft the whole into a Natural Order, and foew 
‘bow every thing might be deduced from the Pirk and: mott 
Simple Principles of the Mathematicks, 
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My Syftem of the Mathematicks, publifbed [ome few 
Years fince, was formed after the Model of this Book; but 
as there are feveral Things contained therein, which are not 
abfolutely neceflary for every Navigator to underfiand; and 
as the Price of that did not fuit every ones Pocket, I have 
heen prevailed upon to revife this, once more, and fend it 
Abroad into the World. 


In this Edition, I have increafed the Number of Geome- 
trical Theorems, taken out of the Firft Six Books of Eu- 
clide’s Elements, from whence I have feletted [uch only as I 
roink moft ufeful, and neceflary for the intended Purpofe ; 
and though there cannot be fo firitt a Connection between 
them, as there is between the Propofitions from whence they 
are extracted, yet in the Order they are placed, the Conclu- 
fions drawn from them are over and above [ufficient to an- 
fwer the prefent Defign. | 


In the 'Trigonometrical Part, I have added an ealy Method 
of making Logarithms, and illuftrated it with various Ex- 
amples , and though to fome Perfons this Addition may feem 
needle{s, becaufe the Tables are already made to great Exatt- 
nels, yet it muft be coufeffed, that no Perfon can underftand 
either Plain or Spherical Trigonometry, the very Bajis of 
Navigation, Aftronomy, aud feweral. other ufeful SEenee, 

| ; 


. pak be 
ey 


of the Mathematicks, without being well acquainted with 
the Nature and Confiru€kion of the Artificial Sines, Tangents 
and Secants, as well as the Natural; and the be/t Way, no 
doubt, for young Beginners to attain this End, is by exer- 


cifing themfelves at firft in making a few of thefe incompa- 


rable Numters. 


in the Nautical Patt, Thave added fome ufeful Things, 


and taken the Liberty to leave out entirely Middie Latitude 
Sailing, and fuch Problems in Mercator’s Sailing, wherein 
the Departure made a Part of the Data; and in the room 
thereof have put in New Tables, by which the Difference 
of Longitude may be found from the Courle and Diftance, 
in a Manner as eafy as the Departure is in the Common 
Tables, which I hope will be a fufficient Inducement for 
Perfons hereafter not to make Ufe of approximating Me- 
thods, when they may come at a@ ttue Solution with the 
fame, if not lefs Trouble, and, indeed, if Plain Sailing itfelf 
was laid afide, I cannot fee any ill Confequence would at- 
Lend it: For to take a Perfon who is entirely ignorant, and 
infiruct bim in Principles which he muft afterwards Le 
foewn to be extoncous, is doing a great Piece of Injuftice, 
befides infiilling into him falfe Conceptions of Things: which 
he wilt not eafily get vid of. DIO. seit YR ge 


In converfing with Sir Vaac Newton, after I was chofen 
Mafter of the Royal Mathematical School, about tnfiructing 
J outh in Navigation, in order to form a Scheme of Learning, 


Fle hinted this very Affair 5 but at the fame Time I could not. 


help mentioning, That fo prevalent is the Power of Cuftom, 
Jo tenacious ave cur Nautical Gentlemen of the Methods they 


have made Use of, and fo afraid of taking a little Pains 


extraordinary, though of the utmoft Confeguence, that they 
Miged id | a i wilt 
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x The PRE FACE. 
will not give the least Attention to any Thing that feems to 
run counter, though it carry with it the greateft Force of 
Reafou. 


True it is, that before the Invention of Mercator’s Sail- 
ing, Mariners were obliged to make Ufe of the beft Helps 
they could meet with, but after a Method has been di{co- 
vered above One Hundred Years (which will never fail them, 
let their Voyages be never fo long, or never fo far to the 
Northward or Southward, and which, if it had been gene- 
rally made Ufe of, would undoubtedly have faved the Lives, 
as well as Fortunes, of great Numbers of Perfons) it ts 
furprifing to find even _at this time of Day, that the much 
greater Part of the Englith Sailors will not be perfuaded 
out of their old Way ; and I know of no better Method to 
prevent its Continuance, but by Teaching the ‘True. Sailing: 
only. | 


In the Aftronomical Past, I have left out. feveral Pros 
blems, and introduced Others in their Keom, which I think 
more ufeful, and at the fame Time I have inferted New” 
Tables of the Sun’s Longitude, Right “Afcenfion. avd De- 
clination, for the Years 1737, 1738, 1739; and 1740, in 
the room of the Old Ones. | 


The Catalogue of Fixed Stars, and the Table of Lati- 
tudes and Longitudes of Places have been enlarged, the 
Former is adapted to the prefent Time, and the Latter 1s. 
deduced from the \ateit ana belt Obfervations : This, together 
with (ome infeful Matters inter{perfed throughout the whole. 
Work, will, I hope, render this Imprefion as compleat as 
the Nature of the Subject and the Bulk wl/ admit of. 
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Eometrical Definitions © 7 p.t 
YY Poftulates and Axioms pP- 3 
Propofitions, extracted out of the Pirft Six Books of Euclide’s Ele- 


ments Pe 7, 
An IntroduGion to Plain Trigonometry p. 25 
The Nature of Sines, Tangents avd Secants explained, and the Ne- 

cefjity of making We of them fhewn p. 26 
Several of their “Properties demonfivated p. 28 


The Manner of conftructing them Geometrically p: 29 
Methods for computing the Lables of Natural Sines, Tangents and 
Secants p. 32 
Methods for computing the Tables of Logarithms, Artificial Sines, 
. ‘Tangents avd Secants p» 40 
Ilufirated with Examples in finding the Logarithms of feveral Bame 
Numbers Pp. 45. 
The Vables of Logarithms applied to the.making of the Tables of 
Artificial Sines, ‘T'angents and Secants Pp. 49 
The Conftruchion and U Ye of Gunter’s Scale p. SE 
The Ufe of the Logarithms, Artificial Sines, Tangents avd Secants, 
in the Solution of the Seven Cafes of Right-angled Plain’ os 
angles 56 
A Diemaniedti of the Rules, commonly called Axioms, made ee of 
in the Solution of the Six Cafes of Oblique-angled Plain Tri- 


angles p. 66 
The “pplication of the fame Rules to the actual Solution of the ‘heat 
safes Dp. 72 

An Introduction to Navigation “ p. 88 
Nautical Definitions p. 89 
The Methods made Ufe-of for meafuring the Ship’s Way p. 96 
| po ay Lhe 
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) The Application of Right-angled Plain Triangles to the Solution of 
ie the feveral Cafes Plata Sailing relating to @ Single Courfe p. 97 
The Application of the fame to the Solution of a Traverfe, or Com=- ~~ 
ound Courfe p. 105 
A Table of Difference of Latitude and Departure, iz Minutes and 
Tenth Parts to every Degree avd Quarter Point of the Compafs 
. LI 
The Ufe of the former Table a nv) 
The Doétrine of Oblique-angled Plain Triangles applied to Problems 
of Sailing perg5 
A Method for meafuring inaccefible Diftances by Féring of great 
Guus — | Baste 
The Nature of Currents explained, and the Methed of allowing jor 
them fbewn in various Cafes . p. 146 
. The Nature, Conttruction avd Ufe of the Plain Chart _ p. 154 
Some Errors of the Plain Chart enquired into, and the Method for 
finding the Difference of Longitude iv Sailing. under a Parallel 
explained and demon§trated, with its Application to the Several - 
_ Cafes i# Parallel Sailing . pe 157 
A Vable jbewing bow many Miles anfwers to a Degree of Longitude 


at every Degree of Latitude | p- 162 
The Ufe of the preceding Table PHI} .. 
‘The eflential Properties of the True Chart, commonly called Merca- 
tor’s Chart, enquired into and demonfirated p. 164 
Several Methods for confirudling the.Meridional Parts /aid down and 
. demonfirated — p. 166 
: 4 Corre& Table of Meridional Parts p. 174 
Dw . The Ufe of the-former“Vable in the Solution of te moff ufful Cates 
: Ip, , inthe Vrue Sailing | p. 196 
Thiet 4 new and very ufefulTable, pbewing the Difference of Longitude, ~ 
as well as Latitude,-to every Point, Half Point avd Quarter Point 
of the Compafs, to Miles avd hundred Parts.of Miles p. 207 
The Ue of the preceding Vable ‘sek 


What is meant, or to be underflood, by the Terms Difference of Lon- 
gitude, Meridional Diftance avd Departure, and wherein they 
differ effentially one from the other p. 228 

Ghat the common Method (made Ufe of and taught in Boeks) of 
Finding the Difference of Longitude by the whole Departure 

; . < made 


e. 
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made in one or more Days Work, is falfe, and prov’d by an eafy 
Example. Pp. 230 
The Conftruétion of Mercator’s Chart p. 231 
’ The Ufe this Projection, and its Preference to all other Contrivaices 
hitherto known for Nautical Purpofes /ufficiently foewn — p. 233 
The Laws of Stereographic Projection laid down and demon 
_flrated ( A Ppi2ge 
The Nature and Properties of Spherical Triangles enquired into, 
and demonfivated ; Pp. 249 
The Solution of the Sixteen Cafes of Right-angled Spherical Tri- 
eagles . » Pp: 256 
“ The Solation of the Firft Ten Cafes of Oblique-angled Spherical Tri- 
angles, by the Help of the Perpendicular 
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. 205 
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The Solution of the fame Cafes, without inuefligating the Length of 


the Perpendicular mip yan 
Methods for refolving the Eleventh and Twellth Cafes fbewn and 
. demonfirated wise Dr2or 
Stereographical Problems, of great Use in the Projection of the Sphere 
_ and Spherical ‘Triangles PB», 207 
The Stereographical Projection of the fevera/ Cafes of Right-angied 
Spherical ‘Triangles | | a) aes fet 30 3 
The Stereographical Projection of the Jeveral Cafes of Oblique-angled 
Spherical Triangles . p. 308 
-Aftronomical Definitions . Day iiis 
Ghe Solution of the Chief and Primary Problems arifing [rom the 
~ Diurnal Motion of the Sun, or Rotation of the Harth about her 
Axis p: 318 
Tables of the Sun’s Place, Right Afcenfion avd Declination /or the 
Years 1737, 1738, 1739, and 1740 P: 345 
Tables fhewing how much the Sun’s Place. avd Declination wit vary 
iu 20 Years ; p. 370 


N.B. The Sun’s Right Afcenfion being calculated to Hours and 
Minutes only, will ferve very well for 20 Years, which is 
the Reafon its Variation 7s not fet down. 


A Catalogue of theRight Afcenfions avd Declinations of ome eminent 
Fixed Stars, jitted to the Year 1738. p-371 
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The Uferof the Catalogue in sinding the Hour of the Night and Azi-. 
muth of the Stars 372 


Methods for jinding the Latitudes of Places:by the Meridional Height, 
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or Zenith Dittance of tke Sun, awd bis Declination, fhewn and 


demonflrated Pp. 378. 
J 'Table of Refractions p- 384 
Methods jor finding the Variation of the Compafs foewn and demon- 

(rated p. 355 


A Vable fhewing the Latitudes and Longitudes of the mott emi- 
nent Towns and Sea-Ports in the moft frequented Parts of the 
World, deduced from the latep and beft Obfervations Pp. 393 


Pofifcript. 


S the Table of Meridional Parts, aswell as the Zable of Dif-- 
A ference of Longitude, are computed to Minutes only, when 
any Eradional Part arifes in the Courfe of the Solution, a proper 
Allowance muft be made for it after the Manner following ; and 
to this H'nd, Let-us fuppofea Ship in-the Latitude ot 46° 30’ N. 
to Sail NE, 4 FE. 59 Miles, and let it be required to find how 
much fhe has altered her Longitude. 

Entering the Table, Page 217, under 4+ Points, and againft so 
in the 1/2 Column, I find 39.62 Miles for the Difference of Lati- 
tude; this added to 46° 30', the Latitude came trom, will give 
47° oy’ .62 for the Latitude the Ship is in. 

Entering again the Yab/e, in Page 182, under 47° and againft 
9 Minutes, the next Iefs whole Minute to ‘the Latitude found, I 
find 3215.9 Miles; and againft 10 Minutes in the fame Column, 
the next greateft Minute to the Latitude, I find 3217.4 Miles; 
then to find the Proportional Part anfwering to .62, fay, As-100~ 
is to 15, the Difference between 3215.9 and 3217.4 Meridional 
Miles; fo is *62,'the Excefs of the-Latitude, above 47° 09’ to 9 
‘Tenths, which being added to 3215.9, the Meridional Parts an 
fwering to 47° 09’, will give 3216.8, the Meridional Parts anfwer- 
ing to 47° 09’ .62, the Latitude the Ship isin; from which taking 
away 3158.9, the Meridional Parts anfwering to 46° 30’, the Re- 
mainder 57.9 Miles, will give the Merid. Difference of Latitude. 

4d Entering 
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Entering the Table again in Page 217, under 4 } Points, againft 

57, (in the 1/? Colum) the next lefs whole Number to 57.9, I 
find in the Column of Difference of Longitude 62.59 Miles, and a- 
gainft 58, the next greater whole Number adove 57.9, I find 64.00 
Miles; Then I fay, As 100 is to 1,11, the Diflerence between 62.89 
and 64.00; fo is .9, the Excefs of the Meridional Difference of 
Latitude 57. Miles, to .999, or rather 1.00, (for when the Figure 
to be rejected is more than 5, as in this Ca/é itis 9, the Unit's 
Place matt be increaled by 1) which added to 62.89, the Mics of 
Difierence of Longitude anfwering to 57 Miles, will give 63.89 
Miles, for the Difference of Longitude made. 

As the Denominators of all Decimal Fraffions are 10, 190, &9¢. 
fo if the Difference between the two Tabular Numbers be multi- 
plied by the Fra@tional Excefs, and there be cut off from the 
Produg&t one Figure for Tenths, two Figures for Hundreds, &e. 
the remaining Figures will give the Proportional Part in all Cafes 
whatfeever. And indeed: the Thing itfelf is fo very fimple and 
eafy, that when a Perfon has a little accaftom:d himieli to it, he 
will besable,. by Infpe@ion, to pronounce the Proportional Part 
without the Trouble of am Operation. 

After the fame Manner may the Difference of Longitude for any 
Number of Courfes be found, and. confequently the whole Diffe- 
rence of Longitude made to the one Hunaredth Part of a Mile. 

The Advantage arifing from keeping ‘fourna/s after this 
‘Manner, and to this Exaétnefs, is of more Confequence than at 
firt appears; forif the Courfe and Diftauce be true, the Difference 
of Longitade thus found, is as near as can be determined by any 
Caleftial Obfervation: Whence it follows, that the truer the 
Courfes and Dijiances are, the more certain will the Mariner be at 
all Times of the Place he isin; and confequently, whoever can 
bit upon a Method, whereby the Yrwe Courfe a Ship has failed, and 
the Diffance the has run, may be exactly determined, may juftly 
be faid to have found out the Longitude, and is legally intitled 
to the Reward for the Difcovery. han 


As thers happened to be a vacant Space at the End of the 
Contents, [ hope this farther Explanation of the Ufe of 
the Tables wi// not be unacceptabie to the Learuer. 


ee ee eee 


The two Series in Page 40 foould ftand thus: 


Suppofe ious. 2 3g: oes) Pa ee ents 6 , &ec.tobea, re. 


i And I.10.100.1000 . 10000 . 100000 . 1000000, &r. to bea, Ee. 


As it ts very difficult in Works of this Kind to avoid Ty- 
pographical Errors, fo if any have crept in, I am fa- 
tisfied they are very few, and fuch as may be correéted 
at firft Sight. ; 
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Definitions, 


eH FE Subjee of Geometry, is Magnitude or Ouan- 
“ei| tity continued , its Bufinefs to difcover the Nature 
and Properties of thofe Quantities about which it 
is employed, in order to find out the Proportion 
they have to each other, that fo from the Know- 
at 4} ledge of one, we may be led to the Knowledge 
of the other according to Quantity. 
Magnitudes are of three Kinds, viz. Lines, Superficies and Solids. 
9. A Solid is that which hath Length, Breadth and Depth, or 
ee its Limits or Boundaries, are called Superficies ; fo that, 
A. Superficies hath Length and Breadth, without Ti hickne/s the 
iat of which are Lines. 
4. And if it lies equally betwixt its Lines, ’tis called a Plain 
Superficies. 


5. A Line then hath only Length, and is bounded by Points ; 


fo that, 

6. A Point Mathematical is incapable of being divided, and 
therefore hath no Parts. 

7. A Right or Streight Line is that which : 
lies equally betwixt, or is the neareft 51162 egecpeaneapre a) 
between its Points; as AB. 

_ ._ & A Plain Angle, is the Inclination of two Lines, the one to 
the other; the one touching the other in the fame Plain, yet not 
lying in the fame pee Line. 


g. And — 


go By clide’s Elements. 
gy. And ifthe Lines which contain the Angle be Rightelines, it 
iscalled a Right-lined Angle,’ = 
C 10. Whena Right Line CG, ftanding upon a: 
Right Line AB, makesthe Angles on either fide 
thereof CGA, CGB, equal one to the other, 
then. both thofe Angles.are Right Angles; and 
the Right Line CG, which ftandeth on the o- 
ther, is termed a Perpendicular to that (AB) 
whereon it ftandeth. 
Note; When fevenal Atgles meet atithe fame ‘Point as at (G) each 
particular Angle is defcribed by three Letters, whereof the middle 
__ Letter fheweth the Angular Point, and the other two Letters the Lines 
that make that Angle, as the Angle which the Right Lines CG, AG 
make at G, is called CGA, or AGC, 


oN EB. i1, An Obtu/e Angle; isthatwhich is great= 
aia er than a Right Angle; as ACD. 

12. An Acute Angle, is that which is lefs 
than a Right Angle; as ACB. 
ee ca 13. A Limit, or Term, is the End of any. 

C Thing. ts 


B 


14... A Figure, is that which 1s contained under one or more Terms, 

15. A Circle, is a plain Figure, contained under one Line, which 

is called aCireumference; unto which all Lines drawn from one Point 

within the Figure, and falling upon the Circumference thereof, are 
equal the one to other. i 

“ . 16. And that Point 1s called the Cevter of the 


B Circle. 
AD eal By 17. A Dianster of a Circle,.is.a Right-Line 
A / drawn through the Center thereof, and ending at 


\o Bate © the Circumference on either fide,: dividing. the 


ee) Circle into two equal Parts. 


18. A Semi-circle, isa Figure which is contain- 
et. a ed under the Diameter, and under that part of the 
Circumference which is cut off by the Diameter. | 


In the Circle EABCD, Eis the Center, AC the Diameter, ABC 
the Sews-circ/e, $ ) 
N.B, 


~~ 


TT, 2, 
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N.B. The equal Divifions of the Circumference of every Circle 
into 360 Parts, are called Degrees ; the equal Divifion of each of thefe 
again into 60 Parts more, are called Minutes; avd the equal Division 
of each of thefé into60 Parts more, are called Seconds, &¢. So that 
ihe Arch of the Semi-circle contains 18) Degrees, and the Quadrant is 
equalto 90 Degrees. . aye 

19. Right Lined Figures arcfach asare contained under Right-Lines, 
20. Three Sided ox Trilateral Figures, are fach as are contained un 
der three Right Lines. 


a1, Four Sided or Quadrilateral Figures, arc fach as are contained 


under four Right Lines. 
“22, Many Sided Figures, or Polygons, are fuch as are contained 
under more Right Lines than four. rig 


23. Of Trilateral Figures, that is, an Equilateral 
Triangle, which hath three equal Sides; as the Tri- 
angle A. 

v 


24. Vofceles, isa Triangle which hath only two 
_ Sides equal; asthe Triangle B, 


(95, Scalenum, is a Triangle whofe three Sides 
are -all unequal; as C. 


26, Of thefe Trilateral Figures, 4 Right-angled 


Triangle is that which has one Right Angle; as the 
Triangle A. ~ ie are RIB a 


oy. An Amblygonium, or Obtufe-angled Tri- 
ory is that which has one Angle Obtule; 
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> Bag) An Oxygoniun, or Acute-angled Triangle, is, 
that which hath three’Acute Angles; asC, = 


An Equiangular, or Equal-_Angled Figure, is that whereof all the’ 
Angles are equal: Two Figures are Eguiangular, ifthe feveral An- 

les of the one Figure be equal to the feveral Angles of the other. 
rhe fame is to be underftood of Equilateral Figures. , 


> 


29. Of Quadrilateral, or Four-Sided Figures, a Square 
is that whofe Sides are equal and Angles right;,as A. 


30. A Figure on one part longer, or a Long 
Square, or Oblong, is that which hath Right Angles, 
but not equal Sides; as B, | | 


31. A Rhombus, or Diamond Figure, isthat 


STD sire nie ating sete reesei —— — 


i which hath four equal Sides, but is not Right 
it - Angled; as C, : 
i 
: 39. Rhomboides, or Diamond-like Figure, is 
that whofe oppofite Sides.and oppofite Angles. 
are equal ; but has neither Equal nor Right An= 
(i gles; as D. 
Ht ee 7 ah 2 
f 33. All other Quadrilateral Figures befides thefe 
i are called Trapezia, or Tables.; as E. | 
i 
4 a 34. Parallel, or Equi-diftant Right Lines, 
WwW iV At __ are fuch, which being in the fame. Superficies,, 
re i  \ if infinitely produced, would never meet. as: 
oe ee BAN nnd Bo ase A . 
| i) i Neen Af 35. A 
te i é. * 
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35. A Parallelogram, is a Quadrilateral Figure, whofe oppofite ° 
Sides are parallel or equi-dittant ; as the Figures A. BiG. D. 
A Problem, is when domething is propofed to be done or effected. 
A Theorem, is when fomething is propofed to be demonttrated. 
A Corollary, is a Confetary, or fome confequent Truth gain’d 
from a preceeding Demontftration. 
A Lemina, isthe Demonftration of fomething Premifed, where= 
by the Proof of the thing in Hand becomes the fhorter. 


“Poftulates; or Petitions, 


-y. From any Point to any Point, to draw a Right Line. 
a, To produce:a Right Line finite, ftreight forth continually, 
3. Upon any Center, and at any Diftance, to defcribe a Circle, 


The Explications of the Signs made ufe of. 


When this Sign + is placed between two Quantities, it figni- 
Ges that the latter is to be added to the former. — : 
When this Sign -~ is placed between two Quantities, it figni- 
fies that the latter isto be taken from the former. 
When this Sign x, it fignifies the two Quantities are to be mul- 
tiplied together. it Coan ad Land No 
“When this Sign = is placed. between. two Quantities it fignifies 
that theyvare equal. v SN Ao YO BENT ‘\o tah SAT OL yy . UGS OMISS 
Four Quantities thus exprefs’d a: b::c:d, are thus to, be read,, 
as a is to b, fo is cto. da yeing 2th ar a 
Pe : ef al to the fame thing, are alfo equal one to the other. 
S pes BN 


“Therefore A=, Or theretore all, A,B,C, “are 
ccnal netothe other, . 
i 


Note; Whew several Quantities are joined one to the other corm 
finally with this Mark=,thesficft Quantity is by vertue of this Axiou,, 
egal tothe lait, and every oneto everyone ln which Cafe we often: 
aban Prom ching the Axions, for brevity Jake; although the force of 
the Gonfequence depends thereon, ep Dene : 
ow: ipl wulgnk seit ow? nets’ -S Ole 1G 
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2. If to equal things you add the fame, or equal things, the wholes 
fhail be equal. And fince Multiplication is nothing but an Addition of: 
the Thing, @ certain number of Times to its felf, 1t is equally true and 
equally intelligible, that, if equal things ave multiplied bythe fume, or 
equal.things, the ‘Products or Re(ults will be equal, « 

3. [ftrom equal things you take away the fame, or equal things, 
the thingsremaining wiil be equal. _4ud fince Divifionis nothing elfe 
but thetaking away the Divifor, acertain number of.times fromthe Di- 
vidend, it is equally true, and equally intelligible, that if equa! things 
are divided by the fame or equal things, the Quotients or Refults will 
be equal, | 

4. Itta wuzequal things you add egua] things, the Wholes will 
be anequal. his 

5. It trom u#equal things, you take away egua/ things, the Re- 
muainders will be wnequal. ny ae 

6. Things which are double to the fame thing, or to equal things, 

- are egual one tothe other. Underftand the fame of Triple, Qua- 
druple, &e, PES 

‘7. Things which are‘ba/f of one and the fame thing, or of things 
equal, are egua/ the one to the ether. “Conceive the fame of Sub= 
triple, Subquadruple, &c. . at 

3. ‘Lhings which agree together, are equal one to the other. 

The Converfe of this Axiom ts truein Right Lines and Angles, but 
not in Figures, unle/s they be alike. — alingoi 
~~ Moreover, Magnitudes are faid to agree, when the parts of the one 
being apply’d to the parts of the other, they fill up an equal, ‘or the: 

fame place. 91S Hi. G. 6 Osta eur ie eS 

9. Every whole is greater than its parts..2 2 0) a hoe 

10, ‘l'wo Right Lines cannot have one and the fame Segment, 

_ (or part).common to them beth, 
_ 1. Two Lines meeting in the fame Point, if they be .both 
porduced, ‘they fhall neceffarily cut one the other in that Point. 
a2. All Right-/dugles are equal one tothe other, ~~ 
‘13. Ifa Line BA, falling on two Right 
Lines AD, CB, make the internal Angles on 
as the fame Side BAD, ABQ; lefs than two Right 
» Angles; :thofe two Right Lines produced thall 
meet on that Side. where the Angles are lefs 
than two Right Angles, 14. Two | 
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4, Two Right Lines do not contain a Space. 
15, Ifto equal things, you add things wuequal, the Excefs-of the 
Whholes fhall be egua/to the Excefs of the Additions. 
16. If to unequal things equal be added, the Excefs of the. Wholes 
fhall be egual to the Excefs.of thofe which were at firft. 
17. If trom equal things, unequal things be taken away, the Exxcefs 
of the Remainders thall.be equal to the Excefs of the things taken 


away. : | ; : ) | | 
i8. If from things umegual, things equal be taken away, the Ex- 
cefs of the Remainders fhall be equal to the Excets of the Wholes, 
14). Every Whole is‘equal to all its parts taken together. 
ao. If one Whole be double to another, and that which is taken a= 
way from the Fir/t, be double to that which is taken away from: 
the Second, the Remainder of the Pir/t thall be-doub/e to the Re- 
mainder of the Second... jf 


Propofition I. Theorem [. 
When a Right Line AB, ftanding upon a Right Line CD, ma- 
-keth Angles ABC, ABD, it: maketh either Right Angles, or two 
Angles equal to two Right: | 


bem. it the Angles ABC, ABD, be: E 
equal, then they make two Right Angles “As 
(by Def. the 10th) If unequal, fuppofe : 
Bit, a Perpendicular to. the Line CD, at a 
D: 


the Point. B. 
i | B 
- Becaufe the Angle ABC=to a Right Angle}-ABE (by Ax. 


the 19th) and the Angle ABD=to a Right Angle—ABE (dy Ax. . 


the 34.) therefore fhall the Angles ABC+ABD=to two Right 
Angles + ABE—ABE (ly dx. the. 24.)=to two Right Angles, 
~ which was to be demonttrated. : 


cee -Corollartes. 

1. Hence if one Angle ABD, be Right, the other Angle ABC 
is alfo Right; if one Angle be Acute the other is Obtufe, and fo 
Onithe Cohtrary. hos Lh) ag ; Tey 

>a, If more Right Lines than one ftand upon the fame Right 


Line at the fame Point, all the Angles hall be equal. to two. 
Right Angies, | 3. Two: 


_ Buelide’s Elements. 
3. Two Right Lines cutting each other, make Angles equal 
to four Right Angles. . | by See 
4. All the Angles made about one Point, make four Right 
Angles,-as appears ‘by: Coady 51 i ens cows As 


Propofition If. Theorem Il. 
If two Right Lines AB, CD, cut thro’ one another, then are 


the two Angles which are oppofite, viz. CEB, AED, equalone 
“to the other. © ~’ ae 


\ 


Cc Dem, For the Angles AEC+CEB = to 

on : two Right Angles (dy Theor, the 1ff.) 

A Ep =A EC-+-AED, taking away from each the 

st ‘Common Angle AEC, and there will re- 

one main the Angle CEB=AED (by Ax. the 52) 

Which was to be demonftrated. After the 

fame manner, it may be proved that the Angles AEC and DEB 
_are equal one to the other, 

: Schol. 1. 


Ifto any Right Line AB, and init a Point E, two Right Lines 
being drawn EXC, ED, not taken on the fame fide, make the 
Vertical or Oppofite Angles AEC and DEB equal; thefe Right 
Lines CE, DE. do meet directly and make one ftreight Line. 


gee _Propofition HI. Theorem IL 


If a Right Line EF, fall upon two parallel Lines AB, CD, ie 

_ will both make the alternate Angles DHG, AGH, equal to each 

‘other, and the outward Angle BGE, equal to the inward and op~ 

pofite Angle, on the fame Side DHG, as alfo the inward Angles on 
‘the fame Side AGH, CHG, equal to two Right Angles, 

Dem, It is evident that AGH+CHG— 
two Right Angles; otherwife AB, CD, - 
would not be parallel (by the 13th Ax.) 
which is contrary to the Hypothefis. But 
ol : /« ©). moreover, the Angles DHG+CHG=two 

c- AE D Right Angles (by the 1/7 Theorem.) There- 

ES 


fore, is the Angle DHG=Angle AGH (by 
the 1ff and 2d Ax.) =Angle BGE (by the 
24 Theorem.) se , iis 


1, Hence 
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1. Hence, if a Right Line EF falling upon two Right Lines 
AB,CD, makes the alternate Angles DHG,AGH, equal the one to 
ye rae then are the Right Lines parallel, (which is the 27th of 
tHe Tite a 

a Ths Right Line EF falling upon two Right Lines AB, CD, 
makes the outward Angle AGE ot the one Line cqual to CHG, 
the inward and oppofite Angle of the other on the fame Side, or 
mekes the inward Angles on the fame Side AGH, CHG, equal to 
two Right Angles, then are the Right Lines AB, CD parallel, 
(which is the ib of the t/t.) 

3. Hence it follows, thar every Parallelogram having one Angle 
Right, the reft are alfo Right. , se et 
. 4. Hence Right Lines parallel to one and the fame Right Line, 

are alfo parallel the one to the other, (which is the 30th of the it.) 


Propofition IV. Theorem IV. 


E Of any Triangle ABC, one Side BC 
rat - being produced, the outward Angle 


: fe ACD {hall be equal to the two inward 
eS ae and oppofite Angles A and B; and the 
TZ _ three inward Angles of the Triangle 


Cat D A,B, and ACB, fhall be equal to two 
Right Angles. 


Dem. Let CE be parallel to BA, Then is the Angle AACE 
by the 34 Prop.) and the Angle B=ECD (dy the fame.) Therefore 
Angle A+ Angle B= ACE -+ ECD (by the 24 Ax.) =ACD (dy 
the 13th Ax.) W.W.D. ; in 

Again, ACD -+- ACB =two Right Angles (dy the 1/? Prop.) 
Therefore, Angle A -+ Angle B+ Angle ACB=two Right Angles 
(by the sft. An.) W.W.D, | 


Corol. uP 

1. The three Angles of any Triangle taken together, are equal 
to the three Angles of any other Triangle taken together; whence 
“it follows, Hine : 


B 2, That 


ite 
} 
| & 
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_— 2, That ifin one Triangle, two Angles (taken feverally or to- 
gether) be equal to two Angles of another ‘Triangle (taken feve- 
| rally or together) then isthe remaining Angle of the one equal to 
| ; the remaining Angle of the other. In like manner, if two ‘Trian- 
| gles have one Angle of the one equal to one Angle of the other, 
| 

| 


pay 


then is the Sum of the remaining Angles of the one Triangle equal 
to the Sum of the remaining Angles of the other Triangle, 

3. If one Angle in a Triangle be Right, the other two are equal 
to a Right Angle; likewife, that Angle in a Tiiangle which is 
equal to the other two, is itfelfa Right Angle. | 

4. When in an Hfofceles Triangle, the Angle made by the equal 
Sides is Right, the other two upon the Bafe are each of them halt 
a Right Angle. . ; 

g. An Angle of an Equilateral Triangle makes two thirds of a 
Right Angle; for one third of two Right Angles is equal to two: 
thirds of one. : 
tt 6. The Angles of a Right-lined Figure do together make twice 
i ne as many Right Angles, bating four, as there are Sides of the Figure,, 
as will be manifeft, if, from any Point within, Lines be drawn to 
every Angle. 

i 7. Allthe outward Ang’es of any Right-lined Figure, taken to- 
{ gether, make up four Right Angles. 

! | 8. All Right-lined Figures, ot whatfoever Species, have the Sum | 
of their outward Angles equal. . 


> WEN. 


fi 
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z | Propofition V. Fheorem V. 


If two Triangles BAC, EDF, have two Sides of the one, BA, AC,, 
equal to two Sides of the other, ED,DF, each to its correipon- 
dent Side (that is BA=ED, and AC=DF) : 


i and bave the Angle A equal to the Angle D,. re 
= contained under the equal Right Lines, they YAN 

i | | 3 
ii B atk edie: C 
| | D 


nmr mE nem 


fhall have the Bafe BC cqual to Bafe EF, and 
the Triangle BAC equal tothe Triangle EDI; 


ip and the remaining Angles, B,C, fhail be e- | ; 
am qual to the remaining Angles FE, F, cach | 
il to each; under which the equal Sides. are a, 7 x 


fubtended.. 
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- Demonfiration. If the Point D’be applied to the Point A, and 
- the Right Line DE placed upon the Right Line AB, the Point EB 
fhall fail upon B; becanfe DE=AB (2y Hyp ) alfo the Right Line 
DF thall fail upon AC, becaufe the Angle A=D (/y fyp.) More= 
over, the Point F fhall tall upon the Point C; becauie AC= DE chy 
Hyp.) therefore the Right Lines HF, BC, fhall agree (Ly the 14th 
Ax.) becaufe they have the fame Terms, and confequentiy are 


equal, (by rhe 8th Ax.) W. W.D. Whence, 


1. Iftwo Triangles, ABC, DEF, have two Sides, AB, AC, equal 
to two Sides, DE, DF, each toeach, and the Bafe BC equal to the 
Bate EF, then the Angles contained under the equal Right Lancs 
fhall be equal. 


2. Triangles mutually Fquilateral are alfo mutually Eiquian= - 


gular. 
3. Triangles mutually Equilateral are equal one to the other: 
_ Wherefore, 

4. The Diagonal of every Parallelogram divides the Parallelocram 
into two Triangles equal to each other; and theretore each of the 
Triangles is halt the “Paralielogram, Wheretore, 

5. A Parallelogram ofthe fame bafe and Height with a Triangle 
fhall be double the ‘Triangle. ‘ 

6. Hence,.from the 34 Prop. it follows, A B 


that iftwo equal and parallel Lines AB,CD, \7~ \ 
be joined together with two other Right 
Lines AC, BD, then are thofe Right Lines 


alfo equal and parallel (which is the 33d of Cc ry 


the vt.) 
Tato. Hence and from the 34 Prop. it follows, that in Paral- 
Jelograms, as ABDC, the oppofite Sides AB, CD, and AC, BD, 
are equal to each other, and the oppofite Angles A, D, and ABD, 
ACD are alfo equal; and the Diameter BC bifects the fame, (which 
is the 34th of the tft.) | | 
8. Hence we are taught how from a Point given C, to draw a 
Right Line CD, parallel to a Right Line given AB. 


— Conft. Take in the Line AB any Point E C. D 

_ from the Centers F, and C, at any Diftance 
draw two equal Circles EF, CD, from the 

Center F, by the Space of EC, draw a Circle 


B2 
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FD, which fhall cut the former Circle CD, in the Point D, then 
fhall the Line drawn CD be parallel to AB; For CEFD is a Pa- 
rallelogram : ‘Vherelore, 3c. 


Propofition VI. Theorem VI. 


A If two Sides, AB and AC, of a Triangle 
A” BAC, be equal to each other, then fhall the 
Angles ACB and ABC, oppofite to thofe equal 
Sides, be alfo equal. 
: For let D be the middle Point of the Line BC, 
B c and draw the Line AD, then are the Triangles 
» ABD and ACD mutually Equilateral, and confe- 
quently mutually Equiangular ; whence the Angle B will be equal 
to the Angle C. eT, 


Corol. Bese: 
1. If in a Triangle BAC, there be two Angles equalto each. 
other, then fhall the Sides fubtending thofe equal Angles be alfo 


equal. 


ee If the Bafe of an Equilateral Triangle be bifected by a Line, 
that Line fhall alfo bife@ the Angle oppofite to the Bafe, and fhall 
be itfelf a Perpendicular to the Bafe, 

3. Alfo, Hence it follows, that every Equilateral Triangle is 
alfo Equiangular ; and every Equiangular Triangle is alfo Equi- 
lateral, 

4. Hence we are taught how to bifeét or divide into two equal 
Parts a given Right-lined Angle BAC. 


Conffr. On A, as a Center, with any 
Diftance defcribe a Circle, cutting AB 
and AC, in D and EB, (by the 3@Poft. } 
Again; with the fame, or any other Di- 
ftance, fetting one foot of the Compafies 
in the Points D and E, defcribe two 
{mall Arches, cutting each other in the 
Point F, and draw the Line AF, which. 
will bifect the given Angle DAE. 
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For the Triangles, ADF and AEF, are mutually Equilate 
ral by Conftruétion, and confequently the Angle BAF=CAF 
5. Hence we are taught how to bifect a given Right Line. 

On the Centers A and B, at the Diftance of 
AC or BC, defcribe two Arches cutting each pus 
_other in the Point C, and draw the Lines AC |\ 
and BC; then bifeét the Angle C (dy the for- ‘i 

mer Cor.) with the Line CD, and the Thing 1s 
done: For AC=BC (by Conffr.) the Side CD 4 
common, and the Angle ACD= BCD (dy D 
Conffr.) therefore AD==DB. | : 

6. Hence we are taught how from a given Point C, in a Right 
Line given AB, to erect a Perpendicular, or Line CF, at Right 
Angles. | F 

- Confr. Take CD equal to CE, from | 
the Centers D and E, at the Diitance 
ot DF or EF, defcribe two Arches cut- 
ting each other in the Point F’, and 
draw the Line FC, and it will be the 
Perpendicular required. AS C EB 

Dem. Having drawn the Lines DF and EF, itis evident, the 
Triangles DCF and ECF are mutually Equilateral; confequently 
‘the Angies DCF and ECF will be equal : Wherefore CF’ 1s Per- 
pendicular to AB, (by the 10th Dif.) ers : 

7. Hence again, we are taught, how, upon an Infinite Right 
Line given, AB, from a Point given C, that is not in it, to let tall 
a Perpendicular. C 


Confir, From the Center C, deferibe 
a Circle, cutting the Right Line given 
_ AB, in the Points E and F, then bi- ~ 
fect EF in G, and draw the Line CG, 
which will be the Perpendicular re- A — 
quired, 4 Kore 


“ 


| “Dp 
Dem. Let the Lines CE and CF be drawn, then are the Tri- 


angles EGC and FGC, mutually Equilateral,; therefore the Angles 


1GC and FGC are equal, and confequently Right ; whereiore 
GC is a Perpendicular to AB, . 


J 


Propo- 
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Propofition VI. "Theorem VII. 


_ The greateft Side AC, of every Triangle ABC, fubtends the 
greateh Angle ABC iy MRE 
A Dem. Let AD be equal to AB, and join the 
| Points B, D, by the Line BD, the Angles ADB 
and ABD are equal, (4y Theor. 6th.) but the An- 

gle ADB is greater than the Angle ACB, (dy the . 
; 4th Theo.) therefore the AngleABD is greater than 
Bix PS GCurene Angle ACB, and confequently the whole An- 

gle AEC is greater than ACB. ! 

1. Hence in every Triangle ABC, under the greateft Angle D, 
is fubtended the greateft Side CA, ab i 

2. Hence likewife, of every Triangle, BDC, two Sides. BD,DG, 
any way taken, are greater than the Side BC that remains. 

For, produce CD till DA=DB, and draw BA, then will the 
Angle DAB be equal to the Angle DBA, (dy the Sth Theor.) but 
the Angle ABC is greater than ABD, (4y the oth Ax.) therefore 
the Angle ABC is greater than the Angle BAC; therefore DO+- 
DB(=AC) is greater than BC, cy | 


Propofition VILL Theorem Vili. 


A Line DM, drawn from the extreme Point A, of the Diameter 
AB, of a Circle CANBP, perpendicular to the faid Diameter, fhall 
fall without the Circle. | , miekok Gish: 1 

Confir. From the Center C to any Point H, in the Right Line 
DM, draw the Right Line CH. 

The Side CH {jubtending the Right 
. Angle, is greater than the Side CA, 

i which is oppofite to the acute Angle. 
i (by Theor. the 7th.) Vhercfore, whereas 
a | CA=CQ reaches to the Circumference, 
| CH fhall reach farther, and fo the Point 
ie H, and for the fame Reafon any other — 
Point of the Line DM, is placed with- . 
out the Circle, 6 fhe 


4 
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Enclide’s Elements. 


+: Coro). 


t 5 


_ 4, Hence a Right Line drawn from the Extremity of the Dia~ 
meter of a Uircle, and at Right Angles to it, is a Tangent to the 
faid Circle ) 

2. It any Right Line touch a Circle, and from the Center to the 


Point of Conta& a Right Line be drawn, that Line fhall be per= 


pendicular tothe Tangent. . 

3. Hence, and (from Theor. the 6th.) it follows, that if from the 
Point Q a Right Line be drawn parallel tothe Tangent DM, it thall 
be bifected by the Diameter BA. / 

4. Wheretore, the Segments of the Circumference ont of the 
Subtence and Diameter are equal. 

5- Hence all Lines drawn within the Circle, parallel to the 
Tangent, are bifected by the Diameter pailing through the Point 
of Contact : ~~ 

6. Wherefore, if a Line be drawn any wife within the Circle, 
and through the middle of it, and at Right Angles to it another 
Line be drawn, that Line ihall pafs through the Center, 


Py opofition 1X, Theorem IX. 
In a Circle DABC, the Angle BDC at the Cen- 


ter, is double the Angle BAC at the Circumte- A 
rence; when the fame Arch of the Circle, BC, is 
the Bate of the Angles. . 
| B 


If one of the Lines pafs through the Center, 
as in the firft Cafe, then the Angle BDC=DAC 
-+-DCA, (by the 4th Theor.) bat the Angle DAC 
==DCA, (by Theor. the 61%.) theretore the Angie 

BDo ee 2 DAC, ? 


If neither pafs through the Center, as inthe 24 
and 34 Cafes, draw the Diameter ADE, then the 
outward Angle BDE = DAB + DBA (hy zbe 4th 
Theor.) == 2WAB (allo, the Angle BDC = 2DAC, , 
by the fanie 5; therefore, ia the; ad Cafe, the whole 
Angie BDC = 2BAC, (dy the 2d 2x.) and io the 

3d Gafe, the remaining Angle BOC a22 BAC (dy 
the 2040 Axiom.) ; ae | 
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t. Hence and (from the 7th Ax.) it follows, that 
A in a Circle EADCB, the Angles DAC and DBC, 
which are in the fame Segment, are equal ; or which 
ftand upon equal Parts of the Circumference, in 
// equal Circles, are equal. 


2. That the Angles ADC,ABC, of a Quadrila- 
teral Figure ABCD, infcribed in a Circle, which 
| are oppofite one to the other, are equal to two 
A Right Angles, | 

Vor, the Angle ABC-+(BCA~) BDA+-(BA 
s C ==) BDCequal two Right Angles (by Theor. the 
- 6th) - AEC+ADC. 

3. In-aCircle, the Angle ABC, which isin the 
Semnicircle, is a Right Angle; but the Angle 
which is in the greater Segment BAC, is lefs 
than a Right Angle; and the Angle which is 
in the lefler Segment BFC, is greater than a 
Right Angle; moreover, the Angle of the greater 
‘cegment is greater than a Right Angle, and the 
Angle of the leffer Segment is lefs than'a Right Angle. 


Draw from the Center D, DB; becaufe AD, DB, DC, are equal, 
(4) the 15th Dif.) therefore is the Angle A = Angle DBA, (by 
Theor, the 6th.) and the Angle DCB=Angle DBC, by the fame. 
Therefore the Angle ABC=AngleA-+- Angle ACB (dy the 24 4x.) 
a ne Angle (by the 34 Cor. of Theor, the 4th.) =EBC, (by the 
4to Prop.) . ; 

Again, becaufe Angle ABC is Right, the Angle BAC is Acute, 
and becaufe.Angle BAG + BFC =two Right, therefore’the Angle 


_ BFC is an obtufe Angle. 


Lafily, The Angle containéd under the Right Line CB, and the 
Arch BAC, is greater than the Right Angle ABC; but the Angle 
made by the Right Line CB, and the Periphery ot the leffer Seg- 
ment BFC, is lefs than the Right Angle EBC, (by the orb Ax.) 

4. Whence, in a Right-angled Triangle, if the Hypothenufe 
AC, be bifeéted in D, a Circle drawn from the Center D, through 
the Point A, fhall alfo pafs through the Point B, which is of Ufe 
in the Conftruction of Quadratick Equations, 2 

| ence 


| Euchde’s Elements. 


' 5. Hence we are taught, how from a given B 
Point P, at the End of a Right Line DP, to 

ercét.a Perpendicular PB, or Line at Right An- K 
gles, ; 

ihe = dé 


Confir, Placing one Foot of the Compaffesin P, the Point given, 
with “any Diftance CP, placing the other Foot in C, defcribe the 
Circle BPA (dy the 34 ‘Poft.) andthrough A and C draw the Right 
Line AC, and produce it till it cut the Circumference in B, and 
draw BP, and the Thing is done. 

For becaufe ACB is a Diameter, the Angle APBis a Right An 
gle, and BP a Perpendicular, (4y the 10th Def.) 


6. Hence we are taught, how from a Point given B, over the 
end of a Right Line DP, to let fall a Perpendicular BP. 

For from the given Point B, to any Point A in the Right Line 
DP, draw the Line BA, and bifect AB in the Point C, on C asa 
Center, with the Diftance CA or CB, defcribe the Circle CBPA, 
cutting the Line DP in P, and draw BP, and the Thing is done. 

For, becaufe C is the Center of the Circle CAPB, and AB a 
Diameter, therefore is the Angle APB a Right Angle, and BP a 


-Perpendicular, (dy the 10th De.) 
Propofition X. Theorem X. _ 


Parallelograms BCDA, BCFE, which | 
ftand upon the fame Bafe BC, and be- 
tween the fame Parallels AF’,BC, are e~ 
-qual one to the other. 


| ; B C Poe EE 
For AD=BC=EF (by the 7th Cor. of the 5th.) add DE common 
to both; then is AE. = DF (by the 2a Ax.) allo AB=DC (dy the 
ath Cor. of the sth.) and the Angle A=Angle D (dy the 3d.) there- 


“fore is the Triangle BAE=CDF ; take away from each the Trian= — 


_ gle GDE, common to both Triangles, and there will remain the7ra- 
pezium BADG=CGEF (by the 34 Axiom.) Add to cach Trapeziuim 
ae . the 


iit 
‘ < < ] a 
< 1. 
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the Triangle BGC common to both, then is the Parallelograng 
BADC=BEFC (by the 2d Axiom.) 


1. Hence, and from the 17 4x. it follows, that Parallelograms, 
as ABCD and EFIH, ftanding upon equal Bafes BC and IH, and 
betwixt the fame Parallels AF’, BI, are equal to each other. 


2. Hence we are taught, how to find the Area of any Parallelo- 
gram, for fince the Area of a Right-angled Parallelogram is tound 
by the Drawing or Multiplication of any two contiguous Sides, one 
into another, the Area of any other Parallelogram will be found” 
by the Multiplication of the Bafe into the Perpendicular Height. 


3. Hence, and from the 7th 4x. 
# 2s wt Pa it follows, that ‘Triangles BCA,BCD, 
filanding upon the fame Bafe BC, and 
between the fame Parallels BC,EP, 
are equal one tothe other; for they 
are the Halves of the equal Para/le- 
Jograms BE. AC and BDFC, 
4. Hence, and from the 1/7_A4x. it follows, that Triangles,as EBA, 
DCF, ftanding upon equal Bafes EA,DI, and between the fame 
Parallels EF,BC, are equal one to the other. 


P 


5. From the 3d Cor. and 6th Ax, it follows, that if a Parallelo- 
gram EBCA (fee the Figure to the 3a Cor.) have the fame Bafe BC, 
with the Triangle BDC, and between the fame Parallels BC/EF, 
then is the Parallelogram EBCA, double to the Triangle BDC. 
a the Triangle BDC = BCA =half the Paralelogram 
A BCUAG a 


6. Hence we are taught, how to find the Area of any Triangle ; 
for fince every Triangle is half the Parallelogram, having the fame 
Bafe and Altitude, the Area thereof will be found by the Multipli- 
cation of the Bafe into half the Perpendicular Height, or of half 
the Bafe into the whole Height; or of halfthe Produ@ of the Bafe 
into the Height. 


7. Hence we are taught, how to find the Arca of any Right- 
lined Figure ; for if it be reduced into Triangles, by drawing Dia- 
gonals from Angle to Angle, the Sum of the Area’s of all the Tri- 

-angles, fhall be the Area of the Figure (y the 19th Axiom.) 


Pro po- 


Euclide’s Elements. | r9 


| Propofition sah Theorem XI, 


In Right- angled Triangles, as BAC, 
the Square BE, which is made of the 
Side BC, that fubtends the Right An- 

le BAC, is equal to both the Squares 

G,CH, which are made of the Sides 
AB, AC, containing the Right An- 
gle. 


Confir. Join AE. and AD (by the 1ff 
Poff.) and draw AM parallel to CE, 
_ (by the 8th Cor. of the 5th.) 


Dem. Becaufe the Angle DBC=FBA (hy the 12th 4x.) and the 
Angle ABC common to both, then is the Angle ABD—FBC (by the 
24 Ax.) moreover, AB = BF (dy the 29th Def.) and BD=BC (by 
the fame) therefore isthe Triangle ABD=Triangle FBC (by the sth 
Prop.) but the Parallelogram BM = twice the Triangle ABD (by 
5th Cor, of the 10th.) and the Square BG=twice the Triangle FBC 
(2y the fame.) For, GAC is one Right Line, (by Hyp.) therefore 
_ Parallelogram BM = Square BG (by the 6th Axiom.) By the fame 
way of Argument is the Parallelogram CM=Square CH 3 therefore 
is the Square BE. = Parallelogram BM + Parallelogram CM (by the 
19th Ax.) = Square BG + CH (by the 1ft Axiom.) 

Coro/. 
1. Hence we are taught how to find the Difference of two 

Squares, or the Sum of any given Number of Squares; 
-_ 2. Hence, and by the Help of the Square Root, we are taught 
how from any two Sides being given, the ‘Third may eafily be 
found. 

For, Suppofing the two Sides containing the Right Angle were 
given, to find the Side fubtending the Right: In this Cafe, to the 
Square of one of the Sides, add the Square of the other, the 
Square Root of their Sum will be the Side required. _ 

Again, Suppofe the longeft Side, or Side fubtending the Right, 
were given, and one of the ee Sides, to find the other : 

: a In 


i 4y : 
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20 Euclide’s Elements. 
In this Cafe, from the Square of the longeft Side, fubtrac&t the 
Square of the other Side ; the Square Root out: of the Re- 
muinder will be the remaining Side; as is abundantly manifeft 
from what went before. ais eats 


Def. Four Numbers, Lines or Quantities, are {aid to be Pro- 


portional, when the Firft as oft contains, or is contained in the 
Second, as the Third contains, or is contained in the Fourth. 


Corel, Wherefore, if of four Quantities, the Quotient arifing 
from the Divifion of any two Quantities, one by the other, which 
thews how oft one is contain’d in the other, be equal to the Quo- 
tient arifing from the Divifion of any two other Quantities, one 
by the other, (provided the Quantities are all of the fame Kind) 


then thofe four Quantities are Proportional. 
Propofition XII. Theorem XI. 


If four Numbers, Lincs, or Quantities, be proportional, the 
Produ or Rectangle of the Extreams fhall be equal to the Pro- 
du& or Re@tangle of the Means; that is, Ifa: b::.¢: 4, T fay, 


axd=bxe, 
e °¢ ° a ¢ ; 
For, becaufe the Quantities are Proportional, 7 = 7G (dy the pre- 


ced, Def.) multiplying therefore each Quantity by ba and we hhall 


bda bac : : 
have =-=—Z (by An. the ad.) that is, axd==bxe, which was to 


be demonftrated- | 

Again, If of four Quantities 4,2,¢,4, the Product or Rectangle 
axd of the Extreams be equal to the Product or Rectangle bx¢ of 
the Means, then ere the four Quantities proportional. 


For, becaufe (2y Hyp.) axd=xe, if each Quantity be divided 


axd xe a ee 
by bxd, we fhall have pg =pxd (by Axiom the 3a) that is, 7 =Z 
confequently a: 0:36: d. (by the Cor. of the preced. Def.) ; 


4. Whence it follows, that Quantities that are proportional to 


the fame Quantities are the fame betwixt themfelves. 
: Hence 


Euclide’s Elements. a1 
Hence we are taught the various Ways of Reafoning with Pro- 


portional Quantities 5 that is, j 
It the Quantities a, 2, c, d, are Proportional, they fhall alfo be 


Proportional, when 


Alternated, thatis, ——— NO RS 
Inverted —— be ere BS pss BC 
Compounded teen bs Bi et aed 
Divided ——~ ———~ --—-—- a~—bibiic¢—ad:ia 
Converted —- A: 4—0356¢—d 


Mixed —— —-- ——-———- ——_ #}b: a—b::¢+d:c—d 


As is manifeft, ifone multiply the Extreams of any Rank toge- 
ther end the Means, for the Products in cach will come out equal. 


Hence. the Reafon of the common Rule of Three will evidently - | 


“appear. 


Let the fourth Quantity be reprefented by 4, becaufe (by Hyp.) 
a:b: :¢:d, therefore axd=bxe, and dividing each Quantity by a, 


bx¢ ; 
~ you will have d= ~~ (by the 3a Axiom) that is, to the Produc 


- of the Second, multiplied by the Third, and divided by the Firft. 


Propofition XIH. ‘Theorem XII. 


Triangles, as ABC, ACD, and Parallelograms, as BCAE, CDF A, 
which have the fame Height, are in Proportion one to the other, as 
their Bafes BC,CD, are. | 2 


Take as many as you pleafe, BG, GH= 
‘BC, and alfo DI=CD, and join AG,AH,AT, igh Bi Dass 
(by the iff Poff.) in’ ene out 


Pecaufe the Triangles ACB,ABG, AGH, are equal (by the 3d Cor. 
of the toth.) andthe Fivsangle ACD=ADI, by the fame ; therefore 
the Triangle ACH, ‘as oft contains the Triangle ACK, as the Bafe 
HC contains the Bafe BC; and: therefore (Dy the Def. of the Prop.) 


ALE 


the Triangle ACH : Tri, ACB: :HC:BC, 
; | Again, 


ee 
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_ Again, the Triangle CAT, as oft contains the Triangle CAD, as 
the Bafe CI contains the Bafe CD; and therefore (by the Def. of 
Prop.) the ‘Tri, ACI: Tri.: ACD : : CI: CD; now comparing thefe 
two Ranks of Proportionals together, it will follow, that the Tri. 
ABC ''Tri ACBT BCE Gr, 


Again, becaufe (by the sth Cor. of the 10th) the Parallelograms 
CE, CF, are double of the Triangles ABC,ACD ; therefore, Pgr, 
CEs PariGhos Besa, 


1. Hence, Triangles and Parallelograms, whofe Bafes are equal, 
are in the fame Proportion as their Altitudes. 


Propofition XIV. Theorem XIV. 


A If to one Side BC, of a Triangle ABC, be drawn 
: a parallel Right Line DE, the fame fhall cut the 
Sides of the ‘Triangle proportionally. (AD; BD: : 
AE: EC) and if the Sidesof the Triangle be pro- 
E  portionally cut, (AD: BD:: AE: EC) thena Right 
ine DE, connecting the Sections D, E, thal} be 
Cc parallel to the remaining Side of the Triangle BC, 


1. Hyp. Becaufe the Triangle DEB=DEC (by the 3d of the toth) 
therefore fhall the Triangle ADE: DBE: : ADE: ECD (by the 
De. of Prop.) but the Triangle ADE: DBE:: AD: DB (by the 
14th Prop ) and the Triangle ADE : DEC: : AE: EC, therefore 
(by the sft of the 12th) AD:DB:: AE: EC. : 


2. Hyp. Becaufe AD: DB:: AE: EC, therefore (by the 13th) 
Triangles ADE: DBE: : ADE: ECD; therefore is the Triangle 
DBE = ECD, and therefore DE and BC are parallel (dy the 34 of 
the 10th.) | 

Scholium. 


If there be drawn many Parallels to one Side of any Triangle, . 
then all the Segments of the Sides fhall be proportional ; as may 
eafily be deduced from the preceding Propofition, 


Propoe 
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Propofition XV. Theorem XV, 


OF Equiangular or Similar Triangles ABC, ¥ 
DCE, the Sides are proportional which are 
about the equal Angles B,DCE, (AB:BC:: he 
DC: CE) and the Sides AB, DC, &¢. which 
are fubtended under the equal Angles ACB 
and E, &c, are Homologous, or of like Ratio. B re gE 


Set the Side BC in a direct Line to the Side CE, and produce 
BA and ED till they meet. 
Becaufe the Angle B=ECD (hy Hyp.) therefore BF CD are pa- 
rallel (by the 2d of the 32) alfo, becaufe Angle BCA=CED, 
therefore are CA, EF, parallel (by rhe /ame,) therctore the Figure 


CAFD is a ParaWelogram : Therefore AFP=CD, AC=FD, (by the | 


7th of the sth.) whence it is evident (dy the 14th Prop.) AB: (AF—) 

CD:: BC: CE; therefore (dy Alternation) AB:BC::CD: CE ‘ 

alfo, BC: CE; :(FD=)AC: DE ;thereiore (Ly A/ternation) BC: AC 

+: CE: ED; wherefore alfo (2y Equality) AB: AC::CD: DE, 
Wiricnce, ABDC. > BCLCE: AC: DE 


Propofition XVI. Theorem XVI 


Equal Parallelograms, as BD,BF, having D eC 
one Angle ABC, equal to one E-BG, have 
the Sides which are about the equal An- 
gles reciprocally proportional; (AB : BG 
“>: EB:BC)andthofe ‘Parallelograms BD, 
BF’, which have one Angle AB, equal to 
one E.BG, and the Sides which are about 
the equal Angles reciprocally propor- 
tional, are equal, ; ae 
For let the Sides AB, BG, about the equal An les make one 
Right Line ; wherefore EB : BC thall do He fame (iy the Scholiune 
of Theor. the 2d.) Let FG,DG, be produced till they meet. 


1. Hyp, AB:BG:: Pgr. BD : Per, BH (by the 13th.) :: Pgr, BE 
Per, BH (by the Cor. of the Def.) <; BE; BC : Soon Ge. 


2. Hyp, 
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2. Ep. Per. BD : Per. BH. $1 AB: BG, (ly the 13¢b.) BE, BC 
(by Hyp.) Pgr. BE: Per. BH ; therefore, the Per. BD = BY (oy 
the Cor, of Def. Prop.). 


Corel, ‘ 
1. Hence Parallelograms having one Angle equal, and the Sides 
about that Angle reciprocally proportiona!, are equal. | 


a, Hence it follows, that if from any Point 

P, taken without the Circle, two Right Lines, 

as PA and PD be drawn, cutting the Circle 

‘nthe Points B and C, that the Rectangle 

- comprehended under the whole Lines PA and 

PD, and the external Parts, PB and PC, will 
be equal between themfclves. | 


, YD ee ? 4 
For draw the LinesBC and AD, becanfe the Angles ABC and ADG 
are equal to two Right Lines (by the 2d Cor. of the cth Theor.) 
and the Angles ABC and PBU are equal to two Right Lines, (by 
the 1f} Theor.) therefore the Angles PBC and ADC are equal (dy the 
5th Axiom) but the Angle BPC is common to both ‘Lriangles ; 
wherefore the Triangles PBC and PAD are fimilar, and it will be 
(by the preceding Theor.) PA: PD: : PC: PB.’ fhe Or ’ 
And confequently PA: x PB= PD x PC, (by Theor. the 12th.) 


| 
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TRIGONOMETRY: 


OR, 
The Doétrine of Triangles. 


TL HE principal Bufinefs of Trigonometry, is to teach us 
how to compute the Length ot the Sides and Quantities 
of the Angles of Triangles from proper Data; and to this 
End it has been fhewn in the former Section. 


1, That a Plain Triangle, the Subject of Plain Trigonometry, is 
a Figure contained under three Right Lines lying in the fame plain 
Superficies, any two Sides of which, taken together, are greater 
than the Third that remains, ; 


», That the greateft Angle of every Triangle is oppofite to the 
greateft Side, and, vice ver/a, that the greateit Side fubtends the 
greateft Angle. ae . 


3. That the Sum of the Angles of every Plain Triangle is equal 
to a Semicircle, or 180° 00: Wherefore, 


4. If two Angles of a Plain Triangle are known, the Third is 
alfo known; for being added together, and their Sum taken from 
180° 00’, there will remain the Third. ‘ 


5. If one ‘Angle of a Plain Triangle be obtufe, each of the other 
‘tvvo fhall be acute. . 
| | D | 6, If 
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rt Trigonometry. 
6. If one Angle of a Plain Triangle 


be Right, the other tw6 
fhall be equal to one Right Angle: 


herefore, 


so 


oa Ina Right-angled Plain Triangle, if one of the acute Angles 
be given, the other is alfo known, being what the given Angle 


wants of a Quadrant, or 90° oo’ 3 and this Defect is called its 
Complement. 


» As every Triangle confifts of fix Parts, wamely, Three Sides and 
"Fhree Angles, fo trom any Three of thefe being known (or given,) 
except the three Angles of a Plain Triangle, (for in that Cafe the 
Proportion of the Sides one to another can only be difcovered ;) the 
other ‘Three may be direé&tly found: And how this may be dene 
fhall be thewn in its.proper Place, : x ' 
ind inafmuch asthe Angles of Plain Triangles, as alfo the An- 
gles and Sides of Spherical Triangles, are meafured and eftimated 
by Arches of Circles; and as the exact Ratio of the Circumference 
of a Circle to its Diameter cannot be exprefs’d by our-prefent way 
of Notation, neithercan any Proportion between Arches of Circles 
and Right Lines be afcertain’d, Mathematicians thave been inecef= 
fitated to fubftitute certain Right Lines in the room of the Arches 
at Angles; the Nature and ConftruGion of which comes next to be 
hewn. | 
_ Lines ufually applied to the Circle, are Chords, Sines, Tangents, 
and Secants, | od dvtleh a 
Definitions, . 


1. The Chord, or Subtence of an Arch, is 
a Right Line drawn within the Circle, and 
dividing the Circumference into two Parts, 
and is a Chord to them‘ both ; thus SP is 
the Chord of the Arch SAP, as alfo of the 
Arch SDP. : | beat; 


A Sine is cither Right or Verfed, 


2. The Right Sine ofan Arch is a Right Line drawn from one 
End or Termination of the Arch perpendicular to the Radius, 
= gs ; drawn 


| Trigonometry . oF 
drawn through tlie other Termination of the. Arch ; or it is half 
the Chord ot twice that Arch: Thus SR isthe Right Sine of the 
Arch SA, and of the Arch SD, the Sum of which Arches make a 
Semicircle. shea 

3. The Verfed Sine is that Part of the Diameter which is con- 
tained between the Right Sine and the Arch ; for which Reafon 
RA is the Verfed Sine of the Arch SA, and RD the Verfed Sine 
of the Arch SD. ) 

4. ‘The Tangent ofan Arch isa Right Line drawn perpendicu- 
larly from one ind of the Diameter, and limited by a Right Line 
drawn from the Center through the other Termination of the Arch ; 
thus AT is the Tangent of the Arch SA, and of the Arch SD, 

5. And the Right Line drawn from the Center to the Extremity 
of the ‘Tangent is called the Secaw¢ of the fame Arch ; wherefore 
CT is the Secant of the Arch SA, and of the Arch SD,° 


Corel. . 

1. From Definition the wf, it follows, that the Chord of any 
Arch, and its Supplement to a Circle, is reprefented by the 
fame Line: Wherefore, if the Chord of any Arch, lefs than a 
Semicircle, be given, the Chord of another Arch, as much exceed 
ing a Semicircle as the former is defective, is alfo given. 

2. From. Definitions the 2d, 4th and 5th, it follows, that any 


Arch, and its Complement to a Semicircle, have one Right Linc, | 


‘Tangent and Secant common to them both: Wherefore, the Right 
Sine, ‘Tangent and Secant of any Arch, lefs than a Quadrant, is 
the fame with the Right Sine, Tangent and Secant ofan Arch, as 
much exceeding a Quadrant as the former.is defective. , 

_ 3. Alfo, trom Definition the 3a, it follows, that.the Verfed Sine 
ofan Arch greater than a Quadrant, is greater than the Radius; 
‘but the Verfed Sine of an Arch lefs than a Quadrant is lefs than 
the Radius; and that the Sum and Difference of the Radius and 
Co-fine of any Arch fhall be the Verfed Sines of that Arch, and its 
Supplement to a Semicircle : ; 


For DC+CR = + aN - the Verfed Sine of Jase | 


Da Again, 
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4. Again, Hence (and from Theor, the 11th) it follows, that 
the Square of the Radius leflened by the Square ofthe Right Sine, 
is equal to the Square of the Co-fine. i 

. For CSg — SRg = CRY. eh 
~ Alfo, by comparing the fimilar Triangles CRS and CBG one 
with another, it appears, ; 

5. That the Co-fine ofan Arch is to the Right Sine, as the Ra- 
dius is to the Tangent of the fame.Arch, and the contrary ; for, 

Rees Aga: 
6. That the Co-fine ofan Arch is tothe Radius, as the Radius 
to the Secant of the fame Arch, and the contrary ; for, 

— Corol. RG SCAU co: 

‘Hence the Radius is a mean Proportional between the Co-fine 
and the Secant of the fame Arch; wherefore the Co-fines and Se- | 

cants of Arches are reciprocally proportional. : 
7. That the Right Sine of an Arch is to the Radius, as the Tan= 
gent of the fame Arch Is to its Secant, and the contrary; for, | 
RSA SG AL Le. | ! 
8. That the Tangent of an Arch is to the Radius, asthe Radius 
ts to the Co-tangent of the fame Arch, and the contrary ; for, 
TA OAC ORs Bo. 
Corol. Wence the Radius is a Mean Proportional between the 
‘Tangent and Co-tangent of an Arch, wherefore the Tangents of 
Arches and their Co-tangents are reciprocally proportional, 
9. That the Tangent of an Arch is to. the Secant of the fame 
Arch, as the Radius is to the Secant of its Complement, and the 


contrary 5 for 
Atco lGe Ub 7G. . sy 

10. By viewing the Right-angled Triangle CSR,it appears, that 
if the longeft Side or Hypothenufe CS be made the Radius of an 
Circle, the other Sides or Legs SR and CR. will be the Sines of their 
oppofite Angles: But if either of the Sides containing the Right 
Angle be made the Radius, as in the Triangle CAT, the other 
Leg will be the Tangent of its oppofite Angle, and the Hypothen- 
ufe the Secant of the fame Angle. ie 

This Property, by reafon of its excellent and frequent Ufe, is 
called The firft Axion of Plain Trigonometry ; and the Reader is to 
take Notice, that whenever we mention the Fir/} Axiom we mean 
this Property. . 
. But 
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Trigonometry. 29 
' But how to determine the Lengths of the feveral Sines, Tan= 
gents and Secants belonging to the feveral Arches, anfwering to 
every Degree and Minute of the Quadrant in Parts of the Radius 
- firft given, is the Conftraction or making of the Tables of Natural 
Sines, 'Tangents and Secapts, which fhall be fhewn both Geometri~ 
cally and Arithmetically, or by Calculation, 


Su ece hey LL. 


Containing the Geometrical Conflruttion of the Na- 
tural Sines, Tangents avd Secants. 


a. Fferibe a Semicircle ea)d, and divide it into two equal 
Parts by the Radius 0c, 

a, Divide the Arch of the Quadrant 2b into nine equal Parts, 
tu the Points 10, 20, 30, €%¢. then will each Divifion anfwer to 
10 Degrees; and if you imagine Lines drawn from a4 to the feverak 
Points 10, 20, 30, &%e. in the Arch ab, they will be the Chords 
of their refpective Arches (by the 1ft Def. of the 24 Sed.) and be= 
ing transferred to the Chord Line @ 4, will form a Line of Chords 3 
and if each Divifion of the Quadrant be again {ubedivided into ten 
equal Parts more, and the Dittances of thefe feveral Divifions from 
the Point a, be transferred tothe Line 42, you will by this means 
have a Line of Chords to every fingle Degree, 

3. For the Line of Right Sines from the Points of the feveral 
Divifions 10, 20, 30, &%¢. of the Quadrant ba, draw Lines paral- 
lel to bc, “till they cut the Radius ¢a, fo fhall ca be divided into 
a Line of Sines; and if, as we fuppofed before, the Arch Ja be 
divided into 90 equal Parts, and from the feveral Points of the Arch 
-ab, Lines parallel to the former be drawn, the Line ¢@ will be 
divided into a Line of Sines anfwering to every fingle Degree of 
the Quadrant (dy the 24 Def. of the 24 Se.) which Divifions muft 
be numbred from ¢ towards 4 

4. If the fame Line of Right Sines be numbred from @ towards 
¢, you will have a Line of Verfed Sines (by the 34 Def. of the 24 Sed.) 


which may be centinued to 180 Degrees, if the fame Divifions be 


transferred on the other Side of the Center ¢, 
5. From 


Tandents > ea = tee 
Secatts= ~ = 


oc eos = 


r, malay ri : 
seok 
Wy aa f a; 
*, Wee / tae, * 
Li, 5 hae 4 ou eee man 
% a Rie ne { Sang 
eee. e se les Bi Fa SS / oe 
4 , . es Fi is f a, F 
". ¥ 7 < . May 
&Y “ ay Be 4 Shar or ORS 
2 Bera comes 2-3 oe ae at * way 
3 4 st Pate. cies 
Ha 7 % Feet say 
Vibes. ait iv PAs 
= i é + 
a %, a i 
ee 5 


TTS 
Rig: 4 
San x 

| Tree 

. . 4 . 


Pe 


” 


5. From a, the extream Point of the Diameter, “raife the Per= — - 
pendicular @#, and from the Center ¢, through the feveral Divifi- 
ons of the Quadrant 4b, draw Lines ’till they cut the Tangent at; 
| tei fo will the Line at become a Line of Tangents (Ly Def. the. 4th of 
Sos Tt Se#, the 2d.) which muft be numbred from @ towards f. | 
ea 6. If inftead of laying the Ruler from ¢ the Center, you lay it 
| from 4 to the feveral Divifions of the Quadrant ab, and obferve 

where it cuts the Line ¢d, and there-make Marks, the Line cd 
will become a Line of Semi-tangents (dy Theor, the oth, Def: the 
Ath of Sect, the 2d.) 7. Aud 


Ht SE Bs tine i TPL LIELILE TITEL BEE ata ie’ 


— Gar® 
ey 


Trigonometry. aa 
A And becaufe Lines drawn from the Center through the feveral - 


- Divifions of the Quadrant 2b, to form the Tangents, are the Se- 
cants of the refpective Arches (bythe 5th Def. of the 2d Se#.) if 
their Lengths be transferred to the Line cb, continued to s, the 
Line ¢s will be the Line of Secants, which muft be numbred 
from ¢ towards s. " : 

After the fame manner may the Chords, Sines, Tangents and 


Secants of every Minute of the Quadrant be conftructed, if the - 


Circle will admit of it, or of any particular Arch, 

Now if the feveral Divifions of the Line 2b (in Fig. LJ: Op 
transferred to the Line C (iz Fig. 2.) alfo the ‘Divifions of the Tan« 
gent Line @ # (iv Fig. 1.) to the Line T (iz Fig. 2 ) In like man- 
ner the Divifions of the other Lines of Right and Verfed Sines and 
Secants in Fig. 1.t0 Fig.2. you will have the Inftrument formed, 
called the Plain Scale, And {ince weare { peaking of this Inftru- 
ment, it may not be amifs to fhew the Conftruétion-of another 
Line ufed in Sailing, call’d Rkombs, which is as follows: 

Divide the Quadrant db (in ig. 1.) into eight equal Parts in the 
Points 1; 2, 3, &8¢. and fetting one Foot of the Compafies in the 
Point d, transfer the feveral Diftances 41, 22, d 3,€8c. from the Arch 
ab tothe Line d b, fo will you have formed a Line of Rhombs, 
each of which will anfwer to 41° 15’, which Divifions may be trans- 
ferred to the Line R (in Fig, 2.) | 
_ And laftly, if the Radius ¢ d be divided into 100, &c. equal 
Parts, and the feveral Divifions of this Line be transterr’d to the 
Line EP, (in fg. 2.) the Inftrument will be compleat. | 
__ Now if the Numbers anfwering to the feveral Lengths of the 
Sines, Tangents and Secants correfponding to the feveral Arches 
of the Quadrant in equal Parts of the Radius be fet down in a Ta 
ble, cach in its proper Column, you will by this means have a tri- 
angular Cannon of Numbers, by which the feveral Cafes of Trigo= 
nometry may be cafily done: But thefe being not accurate enough 
for Arithmetical Calculations, it is therefore abfolutely neceflary 
that the Lengths of thofe Right Lines (efpecially fuch as are ufed 
in the Calculation of Triangles) be determined to greater Exadt- 
nefs; and how this may be done will be fhewn in the next Seétion. 
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| Rio oe aitis | 
Contaimtug Methods for Computing ‘the Tables of 


: Natural Sines, Tangents azd Secants. 


T has been fhewn and demonftrated, in the 677, 687, and Sif 
Pages of my Sytem of the Mathematicks, Vol. I. Ifthe Diame- 

ter of any Circle be confider’d as an Unit, the Circumference of that 
Circle will confit of 3,1415.9265 ++ fuch Parts ; and confequently, if 
the Radius of the fame Circle be fuppos’d to be divided into 
£0000.0000 equal Parts, its Periphery will contain 628318530 + 
fach Parts, whence the Length of any Part, or Portion of the Cir~ 
cumference will be readily found by the common Rule of Pro 
portion. rity 


For, as 360, the Length of the Circumference numbred in De< 
grees, is to 6.283 18530 +, the Length of the fame Circumference 
Famber’d in fach Parts, as the Radius is 1.00000000, or the whole 
Diameter 2.00000260, fo is the Length of any Arch of the Cir- 
cumference number’d in Degrees and Minutes, to the Length of 
the fame Arch of the Circumference, in fuch Parts as the Radius 
is 1.00000000, €9¢. 

Wherefore, if the Circumference 6.28318530 + be divided by 
21600, the Minutes in the Circumference of a Circle, the Quotient 
is 2908 : 88, will be the Length of the Arch of one Minute in the 
fame Parts, or the Sine of the fame Arch, feeing there is no Diffe- 
rence between them (in the largeft Tables generally ufed) the Square 
of which being fubtracted from the Square of the Radius, will 
leave the Square of the Co-fine of oneMinute,whofe Root 9.999999.57 
will be the Sine of 89° 59’, or the Sine of go° or’. 


And that in very final] Arches, the Sines and ‘Tangents of the 
fame Arches are very nearly ina Ratio of Equality, may be de-« 
monftrated after this Manner = 


* 


Let 


f gz. Ea eect 2 ; : 
LL) de rh eae ae ee ee 
* : : § Tf ~ " 


Trigonometry, | 33 


Let SR be the Sine and AT the Tangent 
of any Arch, fuppofe’ AS: Becaufe the 'Tri- 
angles CRS and CAT are fimilar, it will be 
as CR, CA, RS, AT; but the nearer the 
Point S approaches to the Point A, or the 
f{maller the Arch SA, the leffer will be the 
Verfed Sine, till at laft, when the Point S 
neatly coincides with the Point A, the Ver- 
fed Sine RA, will be infinitely fmall, with 
reipect to the Arch AS; CR will become © 
nearly equal to CA, and confequently SR, 
the Right Sine, will become nearly equal to AT, the Tangent. 

Again, Since the Arch’ AS is lefs than the Tangent AT, but 
greater than the Right Stne SR; and inafmuch as the Sines and 
‘Dangents of infinitely {mall Arches are nearly equal, the Arch it- 
ielf will be nearly equal to the Sine or Tangent, and confequently, 
in intenitely {mall Arches, the Arches will be to each other very 
near, as their correfpondent Sines and Tangents. 


Rr @ 


And how far this Law obtains, will be manifeft to any one who 
will but give himfelf the Trouble to infpect the Tables of Natural 
Sizes ana Tangeuts, where he will find, that the Sines and Tan- 
gents of the firft 10 Minutes of the Quadrant, to a Radius of 
1.0000000, do not only increafe in a Ratio of Equality with their 
correfpondent Arches, but are exprefs’d by the fame Numbers. 


The Sine and Co-fine of one Minute being thus obtained, the 
Sincs of all the intermediate Minutes between 1, and 89° 59’, may 
be found by one general Rule; namely, As the Radius to the 
double Sine of 89° 59’, fo isthe Sine of 1 Minute to the Sine of 2 
Minutes; and fo is the Sine of 2 Minutes to the Sum of the Sines 
ot 1 Minute and 3 Minutes; from whence taking away the Sine 
of 1 Minute, there will remain the Sine of 3 Minutes; and fo is the 
Sine of 3 Minutes laft found, to the Sum of the Sines of 2 Minutes 
and 4 Minutes; from whence taking the Sine of 2 Minutes already 
tound, there will remain the Sine of 4 Minutes; and by proceed- 
ing after the fame manner may the Sine of every Minute of the 
Quadrant be found, | 


And that the Reafon of this Rule may the more evidently ap- 
pear, 
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In. the adjacent Circle-GABD, if any Arch, 
as AD,be bifetted in the Point B, and trom any 
other Point G,in'the:Periphery of the fame Cir- 
cle, taken without the, Arch AD, the Chords or 
Subtences, as CA, CB and CD, be drawn to the 
feveral Points A, B, and D, CD being produced 
without the Circle, till BP be equal to CB: I 
fay, the external Part DP of the Chord CD, 
produced to, P, will be equal to the Chord 


PGA. | 
an Conftruction. | i 
_ Let. the Lines AB and BD be drawn. | 
mot ee cer aia Demonftvation, = = 
Becaufe the Angle ACB==BGP (dy the 1/7 Cor. of the 9th Prop.) = 
CPB, (Ly Confir. and the 6th Prop.) and the Angle PDB=CAB (dy 
the 2d and 34 Cor.of the 9th Prop.) and the Side CB=BP, (by Con.) 


therefore CA=DP, that is, DP, the external Part of the Chord CP, 
is equal to the Chord CA which was to be demonftrated. 


Whence it follows, 


If from any Point -C, in the 
Circumference of a‘ Circle, any 
Number of equal Parts be fet off 
from C to A, trom A to B, from 
Bto D, €c. and the feveral Chords 
or Subtences, CA, CB, CD, €%e. 
‘be drawn, CD being produced till 
BK be equal to Cb, and CE, be- 

ing produced till DL be‘equal to 
CD, &e. I fay, it follows, that 
CK will be equal to CA + CD, 
: Chi CE LE CB, &e. Por; 


'. Becaufe the Triangles CB K, 
CDL, CEM, €&¢. are fimilar, ‘it 
Cwillibesin feeds. Ba, 


As 
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As CB: (CKi==)CA ++ CD ::CD:(CL =) CB--CE; or, 
As CB: (CK==)CA-++ CD ::CF3(CN =) CE-L-CH, &e. 


That is, in a Rank of Equidiffering Arches, the Chord of any 
Arch in that Rank, is to the Sum-ot the Chords of any two Ar- 
ches, equally remote from it on cach Side, as the Chord of any 
other Arch in the fame Rank, is to the Sum of the Chords of two, 
other Arches next to it, on each Side equally remote, or having 


the fame common Difference, whether the. Progretlion be continued > 


orinterrupted.  * - ; . 

And fince the Chords are the double Sines of halfthe Arches they 
fubtend, and that the Halves are in the fame Proportion as the 
Wholtes, it follows, That ina Rank of Iquidifiering Arches, the 
Sine of any Arch in that Rank will be to the Sum of the Sines of 
any two Arches, equally remote from it on each Side, as the Sine 
of any other Arch in the fame Rank, is to the Sum of the Sines of 
two Arches next to it, on each Side equally remote, or having the 
fame common Difference, whether the Progreilion be continued or 
- difcontinued. ; AY dass suv | 

~ Now the Sine of 90° 00’, being the middle Sine between the Sines 

' of 89° 59’ and 90° o1’, each of thefe being equally diftant from 
the Radius, it follows, That as the Sine of go° oo! is to the Sum 
of the Sines of 90° o1' and 89° 50’, fo is the Sine of any other 
Arch in the Quadrant, to the Sum of the Sines of the two neigh 
bouring Arches, removed at the Diftance of 1, Minute from the 
given Arch: And fince the Sines of go° o1’ and 89° 59’, are re- 
prefented by the fame Line, it follows, That as the Radius is to 
twice the Sine of 89° 59’, fo isthe Sine of any other Arch (fup- 
pole 1 Minute) tothe Sum of the Sines of 0’ and. 2’, or to the Sine 
of 2 Minutes; and fo is the Sine of 2 Minutes, to the Sum of, the 
‘Sines of 1 Minute and 4 Minutes; from which Sum fubtra¢ting 
the Sine of 1 Minute, there will remain the Sine of 3 Minutes; 
and fo is the Sine of 3 Minutes to the Sum of the Sines of 3 Mi- 
nutes, 4 Minutes, &c. 
The Right Sine of 


Gs ine of 90° oo’, ini the Common T ables, is put equal 
to. 1.0000000, whence the Sine of 89° 59’ has been found to be 


999999955 5 wherefore it will be, As 1,0000000, is to, 1.9999999, ~ 


io isgthe Sine of any Arch: Suppofe 1 Minute equal to, 0002909, 
Cae (oye) to 
; A t 
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to 0005818, the Sine of 2 Minutes; and fo is 0005818 the Sine 
of 2 Minutes, to 0011636 the Sum of the Sines of 1 Minute and 
3° Minutes; from whence taking away 0002999, the Sine of 1 
Minute, there will remain 0008927, the Sine of 3 Minutes, €%¢, 

And inafmuch as in this Proportion, the firft Term being Unity, 
with a Number of Cyphers annex’d to it, the Trouble of Divifion 
is wholly avoided ; and fince the fecond Term copiftantly remains 
the fame, if a ‘Table of the feveral Multiples of it by the 9 Digits, 
be formed in a regular Order, the whole Canon may be formed 
by Addition and Subtraction only. 

And it is farther obfervable, that as the fecond Term is very | 
nearly dcuble of the Firft, the Fourth, according to the Rules of 
Proportion, mutt be nearly double of the Third ; whence the Sum 
of the Sines of two Arches, whofe Difference is 2 Minutes, will be 
nearly double to the Sine of the middle Arch; wheretore the 
Difference between the Middle and each Extream will be nearly 
the fame, but decreafing as you afcend; that is, the Difference be- 
tween the greater Extream and the Mean, will be Iefs than the 
Difference between the Mean and the lefler Extream; but is fo 
very {mall, in a’Vableto 7 Places in Decimals, fuch as the common 
Tables are, and does decreafe fo regularly, that an Equation Ta- 
ble may be made with much Eafe; by the Help of which, the 
whole ‘Table ef Sines may be readily made, by a continual Addi © 
tion of the Sine of 1 Minute, leflen’d acewtUing as the Table fhall 
direét, which is fo wonderful eafy, as nothing can be more: For 
what the Ancients were forecd to do by Continual Multiplications, 
Divifions, and Extracting of Roots, may be here done by the Sim- 
pie Addition of a very fmall Number, which will always be Iefs 
than the Sine of 1 Minute, and conftantly decreafing, till at laft ic 
vanithes, 

The Sines to 30 Degrees being obtain’d, the Sines to 60 De- 
grees may be had, by multiplying the Sines of thofe already found, 
by the Square Root of 3, equal to 1.73205807-+, (that is, if the 
Sine of any Arch lefs than 30 Deg.) Suppofe10 Degrees be added 
to the Sine of its Defect to 30 Deg. namely, the Sine of 20 Deg and 
this Sum be multiplied by the Square Root of 3, or 1.7320 50807-4 
you will have the Sine of an Arch (namely s0 Degrees) ‘as much 
exceeding 30 Degrees, as the Arch (of 10 Degrees) firft propofed 
wanted, or was leis than 30; which may be proved alter the Man- 
ner following. | 
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Let BE be an Arch of 3¢ Deg. BD an 
Arch lefgsthan BE, then will EXD betheArch yx 
of Defe&; make EF = ED, and BF will be | 
an Arch as much exceeding BE, the Arch of x; 
30 Degrees, as BD wanted of 30 Degrees. 

Now becaufe the Angles FOD and IGD 
are Right Angles, and the Angles [DG or 
FDO, common to the Triangles IGD and 
FOD; therefore the remaining Angle OFD, = 
of the Triangle FOD, will be equal to the 
Angle DIG, of the Triangle DGI, (by Prop the sth.) equal to 
the Angle BCE (by Prop. the 3d) equal to 30 Deg. (by Hyp.) and 
DO equal to DG (dy the sth Prop.) =7DF: But becaufe (dy the 
11th Prop.) FOq—F Dy —DOgq; theretore FOg = 4 DGg — DGq= 
3 DGq; therefore FO=DGq x 3: But becaufe DK=HO, there- 
tore KH = FO+KD=KD+ DGx ¥ 3, which was to be de- 
monftrated. 

Again, Becaufe the Radius is to twice the Co-fine of an Arch 
as the Sine of any other Arch is to the Sum of the Sines of 
two Arches, equally remote on each Side, if the Sine of 30 De- 
grees, whichis equal to half the Radius, be taken for one of the 
extream Arches, of which the Radius, or Sine of 90° 09°, is the 
Mean, the deuble of its Co-fine, or the fecond Term, will be equal 
to the Radius, or firft Perm ; whence, according to the Laws of 
Proportional Quantities, the fourth “lerm muft be equal to the 
Third : That is, the Sine of any Arch (fuppofe $0 Degrees) is 
equal to the Sum of the Sines of 20 Degrees, and 140 Degrees, (or 
ot two Arches as far diftant from the Sine of $0 Degrees, in the 
- progreflicnal Order) as the Sine of 30 Degrees, or Co-fine of 60 
Degrees, is removed or diftant from the Radius, or Sine of 90° co’, 
And becaufe the Sine of 140 Degrees, and its Supplement 40, are 
reprefented by the fame Line, and exprefs’d by the fame Number, 
therefore the Sine of 80 Degrees is equal to the Sum of the Sines 
of 40 Degrees and 20 Degrees, 

In like manner, The Sine of 70 Degrees is equal to the Sum of 
the Sines of 10 Degrees, and (of 130 Degrees, or of its Supple= 
ment) 50 Degrees, each being diftant 60 Degrees from the Sine 
of 70 Deg. that is, the Sine of any Arch, lefs than 60 Deg.. be= 
ing added tothe Sine of its Defect, the Sum will give the Sine of 
an Arch, as much exceeding 60 Degrees, as the Arch firft taken 

wanted 
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wanted of 6o Degrees::That is, ‘If to the Sine of 35 Degrees ‘be 
added the Sine of 2.5 Degrees, its Detect to6c Degrees, the Sum 
of thefe two Sines, will givethe Sine of 85 Degrees, or of an Arch, 
which exceeds 60 Degrees by 2.5 Degrees, which is juft as much 
as the Arch of 35 Degrees, firft given, wanted of 60 Degrees: 
Whence it appears, that the Sines of the firft 60 Degrees being 
found, the reft to 90 Degrees may be obtained by the Addition of 
thofe already found. Or,  ~ 7 

The Sines of the laft 30 Degrees, viz. from 60° Degrees to 9> 
Degrees, might have been found diredtly from the general Theorem, 
by faying, As the Radius to twice the Sine of 89° 59’, fo is the 
Sine of 89° 59’ to the Sum of the Sines of 9o® oo’ and 89° 58’; 
and fo is the Sine of 89° 58’ to the Sum of the Sines of 89° 59’ 
and 89° 57’; from the former of which, if you take the Sine of 
90° oo’, and from the latter the Sine 89° 59’, you will have. the 
Sines of 89° 58’ and 89° 57’, &c. and proceeding in the fame man= 
ner, the remaining Sines of the Quadrant, in a defcending Order, 
might be found, if required. 

From this Property of the Sines only, feveral ufeful Rules might 
>be drawn, that would contribute very much to an expeditious and’ 
eafy Computation of the Tables of Natural Sines ; but as they are 
already done to a very great Exactnefs, and fufficiently large for 
any Ufes to which they may be applied, what has been faid on 
this Sed#ion, is fuflicient to form an adequate Notion in the Reader’s 
Mind, of the Nature of thefe Numbers, and to inftruét him how 
to form or inveftigate them, if his Curiofity fhall lead him fo far. 

_ The Sines of all the Arches in the Quadrant being found, the 
correfpondent Tangents and Secants will be eafily had. 
For, becaufe (by the 5th Cor. of the 2d Sec#,) the-Co-fine of an 
Arch is to the Right Sine, as the Radius to the Tangent of the 
fame Arch, if the Radius, multiplied into the Right Sine (which 
is done by the Addition of a certain Number of Cyphers to the 
Right Sine) be divided by the Co-fine, the Quotient wiil give the 
proper Tangent. Peis 
_ And again, Becaufe (by the 8th Cor.) the Radius is a Mean Pro- 
portional, between the ‘Tangent and Co-tangent of an Arch, if 
the Square of the Radius (which is an Unit with a certain Number 
of Cyphers annex’d ; the Radius being fuppofed to be 1.0000000, 
&c.) be divided by the Tangent of an Arch, the Quotient will 
give the Co-tangent of the fame Arch; Whence it follows, that 
Es | the 
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that the Tangents being madeto half of the Quadrant, the reft 
inay be found by the ifip of thofe already known. 

And again, Becaufe (by the 6th Cor. of the 2d Section) the Co-fine 
of an Arch is to the Radius, as the Radius is to the Secant of the 
fame Arch, if the Square of the Radius (equal to 1.000000, ec.) 
be divided by the Co-fine of any Arch, the Quotient will be the 
Secant of the fame Arch, whence the whole Table of Natural 
Sines, Tangents and Secants, may be readily found. 

How the Natural Sine, Tangent and Secant of any Arch in 
the Quadrant may be found, independently from the Length of 
the Arch itfelf, in equal Parts of the Radius, to much greater De- 
grees of E.xactnefs, than this Method can pretend to, by a direct 
Method, has been fhewn and demonftrated at large, in the Second 
Section of the Second Part of the Firft Volume of my Syftem of the 
Mathematicks; to which I refer the more curious and inquifitive 
Reader, who defires a farther Knowledge of thefe Things, than 
this Sec#ion can afford him. But as every Perfon has not had an 
Opportunity of attaining to a fufficient Fund of Mathematical 
Knowledge, to underftand thefe more abftrufe Methods, and yet 
is defirous of knowing how thefe ufeful Tables are formed ; I fay, 
*tis for the Sake of fuch Perfons, that I have made Ufe of this 
plain and eafy demonftrative Method, not doubting but it will 
give them entire Satistaction in their Inquiries into the Nature and 
Conftruction of thefe very ufeful Numbers. 

By the Help of the Tables thus made, and a Line of equal 
Parts of a convenient Length, may the Lines upon the Plain 
Scale be more readily formed, and with greater Accuracy, than 
by the former Method of Conftruction, as will be manifeft to any 
one that will attempt the Performance. ae 
__ Having fufficiently explain’d the Nature of Sines, Tangents and 
Secants, and fhewed their Conftruction from their Nature confi- 
dered, I fhall, in the next Section, proceed to enquire into the Na=- 


ture of Logarithms, and fhew the manner how they may be com-= | 


puted, ‘as well as the way how the Artificial Sines, Tangents and 
Secants, may be inveftigated ; and from thence, how the Lines up- 
on the Gunter’s Scale are formed; an Inftrument of very great Ufe 
for the ready and expeditious Solution of all fuch Problems, where- 
in ie ‘Affiftance of Logarithms, Sines, Tangents, €%¢, are con= 
cerned, . | 


weary | 5 Bok 


sch ee ee Te ae ee eee oa 
atin oS > - be ys) 
AOL AE ACE a. Ree Se eee 8 


Trigonometry. 


SEO al any, 


Containing Methods for Computing the Tables of 
Logarithms, Artificial Sines, Tangents aud Se-~ 
cants. 


OGARITH MS were firft invented by “fobn Neper, Baron of 
As Marcheffon in Scotland, in the Ycar 1614, and atterwards ree 
duced into a better Form, and publifited at Londow in the Year 
1624, in the fame Manner as they are ufed at this Day. 

Logarithms may be confidered as (and were ulually defined to | 
be) a Series of Numbers in Arithmetical Progre/fion, fitted or a~ 
dapted to aSeries of Numbers in a Geometrical Progrefion : For 
Example; Suppofe 0, 1, 2, 3, 4, 5, 6, &¥¢. to be a Series of 
Numbers in Arithmetical Progreffion, and 1, 10, 100, 1000, 10000, 
1000C0, 1000000, ¥¢, to be a Series of Numbers in a Geometrical 
Progrefjion. 

It is evident, that as the Numbers in the firft Rank are formed 
by a continual Addition of Unity, and have theretore one com- 
mion Difference, fo the Numbers in the fecond Rank are formed 
by a continual Multiplication by 10, and have therefore one 
common Ratio. | : 

As the Sum of the two Extreams 3 and § of any three Terms in 
the upper Rank, fuppofe 3, 4 and 5, is double of the Mean, or 
middle Term, for 2 x 4 = 83; fo the Product arifing from the Multi- 
plication of the two extream Terms, 1000 and 100000 of any three 
‘Terms in the loweft Rank. Suppofe 1000, 10000, and 100000, 
whofe Product is 100000099, will be equal to the Square of the — 
Mean, or middle Term; for 10000 x 10000 = 100Q0C000, 

Again; As half the Sum of any two Extream Terms of any three 
"Terms in the upper Rank, will produce the Mean, or middle 
Term; for half 8, the Sum of 3 and 5, is 4, the Mean, or mid- 
dle of the three Terms 3, 4 and 5, fo the Square Root of Pro- 
duét arifing trom the Multiplication of any two extream Terms of 
any three Terms in the lower Rank, will produce the Mean, or 
middle Term, in the fame Rank ; for 10000, the Square Root of 
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xotooteno, arifing: from:the. Multiplication-of 1000 by 100009, is’ 
the Mean, or middle Term of the three T’crms, 1000, 1oo02,.: 
anliler Oocadeversd) pias 0 adoved consi odd es ynieg A 
swAgaim y Asi8; the double of the Meanypot middte:Term 4,) of 
any thiee, Terms; fappole! 3,4 and 5, inthe vpper Rank, leflen’d 
by one of the Extreams, 3 will give 4, the other: Extream; fo 
pocececto) the Square of 10000, ‘the Mean, or middle Vern of 
any three Terms; fuppofe 1000, 10000, and 100009, in the lower! 
Rank, dividedybyo1006, conévotithe THxweamsywalligivein the 
Quotient: tedanb, nthe other Extreamentirsec.t od) es bono bnco 
> Again, As:7j the Sum of the Eixtreams, 6:and? of any four pro= 
portional: Numbers imthe:upper Rankiis:equalstoithe Sumiotiaay 
two Means equally removed trom thenr; for’2 153+ 47, foi 
40090060, the: Productof the! twork-ktreams. 10 and* 1005000 of} 
any-four proportional Numbers in ithe lower Rank; is equal tocthe 
Product of any: two mean Terms equally removed from) them ;! foi 
100 x'100000 == 1000 x T0000 == 10900000, 2TLOD. aah 
. Again, Asithe Difference: between the Sum of any two mean 
Terms, and one of the: Extreams:of any four’Terms, equally. re=. 
mote from each other ino the firft Rank ior Seri¢s, will berequal to 
the other Extreamin the fame: Series; fo the Product ariling from. 
the! Multiplication:of:any two mean-Terms of four Terms equally: 
remote irom each other in the lowet Rank or Series, being divided 
by one. Extream, will produce: the other Extream in the fame 
Rank or Series; as far diftanttrom-oneof the mean ‘Terms-in the. 
progreflional Order, as the:extreamsTPermi taken was odiftant<from. 
thé other Meanyifor,ias/7, the Sumvof 2 and 4, or '3. and 45 conti- 
dered as:mean Terms in the progreffional Orderot the upper Rank) 
or Series, leflened’ by 1, confidered) as'an extream Term will pro=° 
dace 6, thejother Extream in the fame: Rank 3. fo 10000Q00,) the» 
Productarifing trom. the: Multiplication: of: 100: by 106000, <or of: 
#000 by 10060, confidered:as meat Verms.in thé slower Jkank or) 
Series, being divided by 10;:confidered) asian Extream,, will give 
in the Quotient 1000000 the other Extream in the fame Series, as 
far diftant trom 100000, confidered.as a Means, as 10 confidered - 


as an Extream was diftant from: 1od.iingo.i icioqaut ona doiiw to | 

(Again, Ashe Sum of 2cand 335: the: thirdiand -fourth ‘Terms in We 

the upper Rank:or Series, with produce 5,’ thei fixth Term in:the’ | 

fame Series 5 fo the Productianfwering from the Multiplication of 

400 by 1000,..the:third candciourth Terms:in .the lower Rank: or ae 
“i 
| 


gai F Series, 


° 


Kz Trigonometry. 
_ Series, will produce 100000, the: correfpondiog fixth Term in the: 
famecSeriesco: rai D vendita) Go ne D. siubun w-juagit od3 
Again, as the Difference between 6 and 4, the feventh and fifth: 
Terms:in-the-wppen Rank produces!a, <the third ‘Termin: the fame 
Rank; fo the Quotient-arifing-from the Divifioni tooca00,: the fex: 
venth’Term in the lower Rank, by 10000, the fifth ‘Term in the: 
fame Rank, will produce’ 100, the correfponding third ‘Term ‘in: 
thedaime:Rankoocdo: bas ,cOv01 ,cOor sioqqun semua) apult roe 
Whence it! is:manifett, ifthe Numbers in the upper: Rank be! 
confidered as the Logarithms: of the Numbers in.the tower Rank,) — 
in a Progreffional. Order, each: to its correfpondent Number; that - 
is, ifn be confidered: as the. Logarithm of 10, 2 the Loga~) 
rithm-—of 100, -3:the Logarithm :of 1000, €¢. that the Additi-’ 
on and Subtraction of the Terms: in. the upper Serics, will pro-i 
duce:Terms: in the fame: Series ‘that hall correfpond: with Vermsin: 
the lower Series, arifing-from the -Multiplicationvand: Divifion of 
the correfponding ‘Terms im the lower Scries:amongft themielves. | 
» For as2, the third Term in the upper Series, the fuppofed Lo-_ 
garithni-of1COdn the:lower Series: beingxadded too 3, the fourth’ 
"Ferm inthe wipperSeri¢s; the fappofed Logarithm of.tooo-in the: 
lower Series produces: sy ithe ofrath. Term. imi the upper Series, ! 
the fuppofed-Logartthm of 100000 In the Jower Series’; -fo the third 
‘Ferm 100 in the lower Series, of which 2 is the Logarithm, being” 
multiplied by:ieao.the:fourth Termin the fame Series, of which’ 
3 is theeluogarithms: will produce:1cooco : the fixth: Verm im the. 
fame Series ,Lofswhich .g isithe Logarithme? 2 2 0b10 let orgong 
~ Again, asd , the fecond: Termrin’the : upper,Series, the! fappofed: 
Logarithm of Lo in the lower. Series, being taken from 4 the fifth: 
Ferm inthe upper Series, the fuppofed Logarithm of Loos in: 
the lower Series will leave: 3, the fourth ‘Term in. the upper Series, 
the fuppofed Loganthm! otsoooiia ‘the lower Sertes 3 {01 10000 the: 
fifth “Berm inthe ldwer Series, of which 4 the filth, ‘Term in ther 
upper Series: is the fuppofed Logarithm, ‘being divided by 10, the 
fecond Ferm in the:lower Series, of :which 11s the fappofed Lo-: 
garithm, will produce 1000, the fourth Term in the lower Series, 
of which the. fuppofed Logarithm is 3.1: sositib enw mp4. ap as 
o Again, as 2yele itidird: Herm in thepper Rank; the foppofed 
Logarithm of feolimithe lower Rank, being doubledy. wilh pro 
duce the Number 4, the filth Term in the firft Rank, the fuppofed: 
Logarithm of 10009, the fatth Termin the lower- Rank’; and be~ 
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Trigonometry. 43 
ing, tripled, will<give 6, the feventh Term in the firft, Rank) the 
- foppoted, Legerithmscf roeaeco,: the! feventh. Term inthe fecond 
Ranks,fo the umber 160, the third ‘Termini theo loweft Kank, 
ef which, the Logarithm liso:25' being) fquared Gr, amyltiplied by. it- 
felf will produce:1ceco, therfifth) Term in the dame Series, of which 
the filth Term: namely i4,' isthe fuppofed Logarithm ; and bein 
again multiplied by itfelf:or, cubed ‘will produce 1000000, the fed 
venth-Lerm in the fame Series,,of which the feventh::‘Term in ithe: 


upper.series, namely 6, “isithe {appofed Logarithm. 1) ivoire 
Again, As the onehalfof 4, the fitth Term in'the upper Series, 
the luppofed Logarithm of tooc0, the fifth Term in the lower Se~ 
ries, will give 2, the third Term in the upper Series, the fuppofed' 
Logarithm of J00,.the third Termi in the lower Series y and as 
one thirdiof 6, the feventh Tertmin:the upper'Series; the fuppofed: 
Logarithm of 1cococo, thefeventhiLerth in theilowerS¢ries;i will: 
likewife give 2, the third ‘Term! inthe upper'Series, the fuppofed' 
Logarithm; of 400, the third Term! in the lower Series; {0 the: 
Square oot of 100C0, the fifth Termin the upper Series, namely. 
100, will be the third Merm:in the lower Series, the Gogarithm of: 
which is 2, the third Term in the upper Series; and the Cube? 
Root of 10ce00d, sthe feventh! Tenm ‘in: ithelower Series; riamely 

100, will be the third ‘Term imthe lower Series, the fuppofed Lo- ° 
garithm of 2, the third Term in the upper Series, 

Whence it -is abundantly. manifeft, that the Addition and Sub= 
traction of Logarithms janfwers to the Multi plication and: Divifion' 
oi the refpective Numbers:of which they are the Repiefetiratives,: 
that. the Multiplication of thefe: Logarithms anfwers'to the Involu- 
tion of Numbers or Raifing of Powers; and the:Divifion of them’ 
to the Evolution of Powers or Extratting of Roots. uot dos 

_ Asa great Variety of Series in Arithmetical Progreffion may’ be: 
adapted to the fame Series in Geometrical Progretlion ¢ and “as! we 
great. Variety of Series in'Gcomettical Progreffion may'be adapted. 

to the fame Series in Arithmetical Progteffion,fo there may al{oval-' 
moft infinite Variety inthe Forms of Logarithms; but of all thefe 
Forms.that is found to bethe-readicft for Ufe, where the Logarithm 

of 10,48 aflumed to: be I wot 160, 2, Gmias[ Havecheré-done. > 2° 

"The Nature of Logarithms being thus explainedyiand the Num-' 
bers in the upper Serics being affumed, as Logarithms of the Num-= 
bers in the lower Series, each to its correfpondent Number, in a 
regular Order, that is, If 1 eS the affumed Logarithm of 10, 2 

a the 
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the Logarithm of 100, 3 the Logarithm of 1200, €%, it remains 
how, that we fhew how the Logarithms of the: intermediate Num- 
bers between! o andto, namely 1, 253, °€8r. ‘between 10 and Tooy 
namely 11,125 13, E80. the intermediate: Logarithms between 100 
and 1000, namely 101, 102, 103, €3¢, may be found. rial 
Tt has been fhewn and demonttrated, in the 25th Section of the 
Firft Vol. of my. Syftem of the Mathematicks, ‘Page 672, to which £ 
refer the inquifitive Reader; where he will find che Nature of' Los 
garithms more. fully: inquired into, and:the Manner of their Con- 
{truétion fhewn different Ways, from different Confiderations- of 
their Nature:and Properties; I fay, it has been fhewed in that 
Page, that to find the Logarithm of any given Number, we muft — 
‘To the given Numiber add r for a Denominator or Divifor, and 
fabtract 1 irom: the fame Number for a2 Numerator .or Dividend 
then find the Equivalent Decimal:fraction thence refulting, which 
Fraction being multiplied fucceflively by the Squares of the Fraction 
firft found, it the feveral Products thus produced be divided by the 
feveral odd Numbers, namely 1, 3,5, 75 9, Se. the Sum of all thefe 
laft Quotients willbe the Natural Logarithm ‘of the Number pro= 
pofad. oir bins ¢ | | 1 : i 


by the odd Numbers 1, 3, 5, 75 €c. the Sum of the laft Quotients 
will be, the Natural Logarithm of 2. po emah oths SOS 
But becanfe to multiply by 3 and divide by 9 produces the’ 
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|. The Operation is as follows. 
5533532 39333343. mdi gil 
37,037.04 + —— 12.345.08— 


= J 


ENS 
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= 5.65 tar Sot 


ey 
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Cn opOlm= om olnro In whe: é 
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faroraciaes ta Pi is hina 


The Nat. Logarithm ghe.ia yrs 3.46.57 3. 59 

i Hence, 346. 57 3.59, the Natural Logarithm of 2 being doubled, 
will give 643. 147.18, for the Natural Logarithm of 45 and being 
trebled will give 103. 972. 077, for the Natural Logarithm ot 
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ens 


2 =) and the ‘equivalent Decimal Fraction will be 111.111.11T,, 
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This therefore being added to 1) 039. 720.77, the Natural Lo- 
garithm of 8 before found will give 1.151.292. 55, for the Natu- 
ral Logarithm off102°tE20P€ °F ere er. = 

As our fuppofed or affumed Logarithms of 10 is Unity, in or- 
der to reduce all Natural Logarithms into onr affumed Form, 
we muft reafon thas: As 1.151. 292.95 the. Naturat Logarithm 
of 10, isto 1 our affumed Logarithm of 10, fo is any other Na- 
tural Logarithm to the correfpondent Logarirhm in the affumed 
Form: For fince all Kinds of Logarithms are made up of fimilar 
Quantities, Logarithms of any Form may be’ reduced into Loga- 
rithms of any other Form, by faying, As any one Logarithm in 
the given Form is to its correfpondent Logarithm. in the New 
Form, fo is any other Logarithm in the given Form to its corre? 
{pondent Logarithmin the New Form the Reafon of which hag 
been fufficiently fhewed in the 25th Section of my Syftem, Vol.¥, al= 
ready mention’d. Wherefore, if the Nataral Logarithm of any 
one Number be divided-by 1. 151.292. 65, or’ multiplied by the 
Quotient of 1. 000..000, &8¢, divided by 1.151, €o. 865. 1588. 96; 
which is called its Recrproca/, the Quotient in the? firft Cafe, ‘and’ 
the Product in ‘the latter Cafe, (as is manifeit from the Laws of 
Decimal Arithmetick) will give the Logarithm in onr fuppcofed 
Form‘correfpondent to or belonging tothe Number given, 


‘ 'Whetefote, if 346. 573.59 the Natural Logarithm of 2 before 
found, be divided by 1.151.292. 55, or multiplied by 868. 588..96. 
the Quotient in the firft Cafe, and the Produé in the laft Cafe will 
give 301. 029. 09, or 3010200, the Logarithm of 2 in our affu-’ 
med Form, which is the Brigg’s Logarithm’ of 2, agrecing exactly 
with the Legarithm of 2 in the common Tables now in Ufe. 


But if inftead of taking the Decimal of +, as we did.in finding 
the Natural Hee bat of 2, we take 4 of the reciprocal Number 
(namely 86°. 588. 96) for reducing the Natural Logarithm into-our 
aflumed Form, and divide it firtt fucceflively by 9; and: each of 
thefe Quotients again by 1, 3, 5,7, 9c. the Sum of all thefe lat 
Qucticnts will be che Logarithm-of-2 in-our aflumed Form, . 


The 
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' The Operation is as follows. 
3 Of 868,588.95 is 280.529.65: Wherefore 
Pat down +289.529.6.5 -+- —— 289. 529.65. 
Its £ is 32.169-96 -> - 19-723,39 7", 
—~ 3-74.44. —————_ 714.8) — 
397.16 ——---—— 56.74 — 
Wis Meteo aE ek 
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The Affumed or Brigg’s Log. of 3 301.029.99 
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Or 301. 030.0, agrecing exaétly with the Common Tables: For, 


-in all Contractions of Places, when the Figure to, be rejected. is 
greater than 5, as here it is y, ‘the Figure next to it is always in- 
creafed by Unity ; and confequently the Number 301. 029. 99, will 


become by. this Addition 30. 10.300, the Reafon of which is - 


evident, 


— 
re huure 


Prime Number be found. — 


Suppofe. it were required to find the Logarithm of the next 


Prime Number 3, becaufe 1-+3=4 is the Denominator, and 3—1 


==2 is the Numerator; therefore the Fra¢tion. thence refalting. is 


=, whence if 2 of 868. 588. 96 the Reciprocal be taken, and 
this laft Number be divided facceflivel y by the Square of + or ts 
and the fucceeding: Quotients by 1,3, 5, 7, &¢. we thall ‘by fume 
ming up the laft Quotients have the ‘Tabylar Logarithm of 3 > But’ 
inafmuch as this Series converges very flow, the fame Logarithm 
of 3 may be found much quicker, by finding the. Difference be- 
tween the Logarithm of'2 already “known, ‘and the Logarithm, 
Ofogenequnacd: atol cr oven Ua} ow) | ENE e cg 40 
And inthis Cafe, the Numerator of the F raction will be 3—2 
or 1, and the Denominator 34-2==5, whence the F raction thence 
refulting will be +: Wherefore, if 3 ofthe Reciprocal 868. 588. 96 
equal to-1730717. 79 be: fuceeflively divided by the Square of = 


phely-and the feveral Quotients thence refulting by the odd Num-= ~ 


ers 1, 3, 5,7, Sc. the Sum of the laft Quotients will be the Diffe- 
rence of the Logarithms of 2 and 3, 


90 ee The 


“Alter the fame Manner may the Brigg’s Logarithms of “any other” 
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The Operation is as fullows.. 
Qa lhe BGR GRE Mh RS Ce: 


Its a5 is 6 oS Sant 2,310,24— 
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Diff, between the Log-ofa and 3° > 176.091.26°~ < 


"This therefore added td 301.029. 99 thé Logarichni of a before 
found, will give 477-131.25, oF 477-12.12 3 for the Briggs Loga-, 
rithm of 3, ugreetog exadly with the Tabular Logarithm, ~ 


“Again, becaufe 2x24, therctore, © 


ec find the Logarithm of 4. > m 


Tes or 

ww bias bse 
bi 
mn mA? 9 


Ii 301.0300, the Logarithm of 2, be added to itelf, or multi, 
plied by 2, the Sum or Produét 602.0600will be the Logarithm of 4. 
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To find the Logarithm of 5. 


From’ :¥.000.006, ‘the Logarithm of 10, take 301.0300, the Lo« 
garithm of 2, the Remainder 698. 9700 will be the Logarithm of 5." 
2, And becaufe 2x3==6, therefore, iz ae 84 LDR. amt ee = 


; 
i 


ty we lt ari 


- Efe Logarithm of 6 being known, the Logi of 7 will be eafily 


thefe laft Quotients will give us the Logarithm of the Difference; 
a9 in the following Operation. sin Yes acl} is dew waned 
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ang 7 asl oyipg: = $68 58.05 © 


ry 


hn 


ay : } Tony, Loe i ; if : J r . yi 

* 2 ihe va sen et Fa ot 66 bia 5. if 775, 66.81 4.54 g] eh 3 
Lats: AHS GH CHEE OMIT OE 1G Sore antey SaeaOc ee) xs 
alates SO" cake ons driw seo) Bal 4, 
The Difer. of the Log. of 6 and 7 « ro # 66.946.79. 
Which Being therefore added to the “Logarithni of 6, will give 


~ 84500804, for the Logarithm Ee 


~ Again, Becaufe'2x2x2=8, therefore, if 4010306, the Logarithm 
2 be multiplied by 3, the Product 9030900 will be the Logarithm 
MAIO. Staph | 


© And again, Becanfe 3x3-9, if 47712125 be multiplied by 2, 
the Product 95424350 will be the Logarithm Sf 0, whence the 
Logarithm of 2 hasbeen found to be 3010300, the Logarithm cf 
3 to be 4771212, the Logarithm of 4 to bé 6020600, the Lo- 
garithm of § to be 6989700; of 6 to be 77815123 of 7 to be 
8450980; of 8 to be 9030900 ; of 9 to be 9542425, and the Lo- 

_ garithm of 10, as was at firft aflymed to be 1.000,00003 and pro-= 

_ ceeding after the fame manhér may thewhole Tables of Logarithms 
Gitgge cide Meoctfgrmed. ss) Meway oS, | ‘. ' 
~ The Tables of Logarithms being thus compleated, the Loga- 
rithmic or Artificial Sines, Tangents and Sccants will be eafily ob- 
tained?:'* siamese lett ia dear | vi? RBA, een 
““For by entéring the Logarithinie Table with the Natural Sine, 
“Tangent and:Secant.of any Arch, you will find the Logarithmic 
Sine, Tangent or Secant of the fatiie. ey me 
' Suppofe, for Example, it were required to find the Logarithmic 
or Artificial Sine of 30 Degrees, becaufe the Natural Sine of 36 
Degrees is socooco, if Tenter the Logarithmic Table with the gi- 
ven Number 5000, &¢- “1 ‘thal. find the .correfj pondent, Logarithm 

~ to be 6089700, and*becanfe the Logarithmic Sines, €#c. are com- 

puted to a Radius of 1.co000c0060, it will have 9 for its Index; 
whence the Logarithmic or Artificial Sine of 30 Degrees will be 

Pree me Meee eee ch ee etree Ca OF 2 

_~ After the fame: Manner, by’ entering the Logarithmic ‘Tables 
with the Numbers 5773 503; €¢. the Natural Tangent’ of 30 De- 

‘grees, we fhall find ‘its Currefpondent Logarithm to be 7614304, 
to which prefixing 9 tor the pep for the above-mentioned Rea 
papers fon» 
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fon, we fhall have 9.7614394 for the Logarithmic Tangent of 3 
Degrees 3 and laftly, by entering the fame Table with the Number | 
4.147005, the Natural Secant of 30 Degrees, we fhall have tor 
_its correfpondent Logarithm 064.694, which muft have 10 for its 
Index, (becaufe the Natural Secant of 30 Degrees goes to the cle~ 
venth Place in Becimals, the fame with the Radius, but exprefs’d’ 
by a greater Number) whence the Logarithmic Secant of 30 De- 
grees will be 10.0624694 3 and inafmuch as the Tangent of 45 De- 
grees is cqual to the Radius, it will have 10 tor the Index, and all 
Logarithmic Tangents above that will have the fame Index, till you 
come to the Tangent of 84° 18’, when the Natural Tangent being 
increafed by one Decimal Place, the Index will be increafed by an 
Unit, and confequently will become 11, €$c. In like manner, as the 
Natural Secant is always greater than the Radius, the Index of the 
fmalleft or firft Secant expreffed in the Tables will have 10 for its 
Index, for the Reafon already mentioned ; and this Index. will 
continue till you come to the Arch of 84° 16’, when the Natural 
Secants will be increafed by one Place in Decimals, whence the 
Index itfelf muft be increafed by Unity; and thefe, as well as the 
Natural Tangents, will continually increafe till they become Infinite, 
and their Logarithmic Tangents and Secants not to be exprefied by 
Wumbers. one 
The Logarithmic Sines being obtained, the Logarithmic Tan- 
gents and Secants may from thence be inveftigated ; for, becaufe: 
the Co-fine is to the Right Sine, as the Radius to the Tangent of ~ 
the fame Arch: If from the Sum of the Radius, and the Right 
Sine of an Arch be taken, the Co-fine of that Arch, the Remain- 
der will be the Tangent: Thus, if from 19.6989700, the Sum of. 
the Radius, and the Logarithmic Sine of 30 Degrees, which (be~. 
caufe the Logarithmic Radius is 10.0000, €&¢. is done by pre= 
fixing Unity to the Index of the Logarithmic Sine) be taken 
'9.9377 530, the Logarithmic Co-fine of 30 Diese or Sine of 69 De= 
grees, the Remainder 9.7614394 will be the Logarithmic Tangent. 
and becaufe the Tangent of an Arch is to the Radius, as the Ra= 
dius is to the Co-tangent of the fame Arch; if the T’angents are 
made to 45 Degrees, the reft of the Tangents in the Quadrant may. 
be found from thofe already had. For Example, If from twice 
the Radius, which is equal. to 20,0000, Ec. be taken: 9.7614394 
the Logarithmic Tangent of 30 Degrees, the Remainder 10.238 5606 7 
will be the Logarithmic Tangent of 60 Degrees. And again, be= 
tie | caule 
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texufe the Co-fine of an Arch is to the Radius, as the Radius is to | 
the Secant of the fame Arch, if from twice the Radius equal to 
20.0000, €3c. be taken, For Example, 9.6989700, the Co-line of 
60 Degrecs, or Sine of 30 Degrees, the Remainder 10.3010300 
will be the Logarithmic or Artificial Secant of 60 Degrees, €%e. 

The Knowledge of thefe Properties cf the Sines, &¢, are very 
neceflary to be known by every one who has Occafion to make. 
~ Ufe of them, fince they will not only teach him how to fupply. 
any Numbers that may be wanting, but enable him to examine 
and correét the Tables of any Hrrors that may have crept into them, 
_ for want of which Knowledge, People are fometimes plunged into 
aaa out of which they know not how to extricate them~ 
elves. 

‘How the Logarithmic Sine, Tangent and Secant of any Arch 
_ may be found independently from the Length of the Arch firft 
given, in cqual Parts of the Radius, without the Help of the Ta- 
bles of Logarithms, Natural Sines, Tangents, €&e. has been fully 
explained and exemplified, in the 254 Section of my Syflem, Vol. 1. 
Page 687, &c. where the ingenious Reader will find a much more 

ample Account of thefe Things. . 
As the Gunter’s Scale is an Inftrument of the moft extenfive Ufe 
in all Branches of the Mathematicks, and very valuable for its cafy 
and expeditious Solutions, it will not be amifs to fhew how the 
Lines upon it are formed, and more particularly in this Place, 
fince they are no other than the Numbers, whofe Conftruction we 
have been thewing, laid down upon the Inftrument by a Line of 
equal Parts. And, 

ff. Having fixed upon a conventent length for your fingle Line 
‘of Numbers, let a Line of the fame Length be divided into roo, or 
1000, oras many more Decimal Parts as.it will admit of, and having 
Recourfe to the Tables of Logarithms, you will thence find, that 
the Log. of 90, for Example, rejecting the Index, will be 9542, 3c. 
take therefore 95.42 Parts off the Scale of equal Parts, and fet it 
off in the fingle Line of Numbers fromthe Point of Commencement, 
and it will reach to 9, upon the fame Line, which will be the 
ie Divifion upon the fame Line: In like manner, againft the 
Number 80, in the Tables of Logarithms, you will find (reject- 
ing the Index) 90.30, fetting off therefore, 90.30 taken from the 
Scale of equal Parts in the Line of Numbers from it, will reach 


G 2 to 


to the Figure 8.inthe fame Line, which is the Place of the 8oth., 
Divifion. . < rene , iain 
“And again, If the Log, of 70, which is 84.50, be-taken off. 
from the Line of equal Parts, and fet off in the Line of Numbers , 
it will give the 7oth Divifion; and. proceeding alter the fame, 
way, by taking the Logarithm of the feveral INambers between £ 
and 100 off from the Line of equal Parts, and applying them.to , 
the Line of Numbers from the Point of Commencement, you will ; 
have by this means the wholeLine of Numbers formed; butii greater 
Exactnefs be required, and the Line will admit of more Subdivie . 
fions, Suppofe each of thefe were to be divided into 10 Parts more 5. 
then having Recourfe to the. Tables of Logarithms, and taking out | 
the Logarithm of 80.7, fuppoile 1.9068, and by rejecting theIndex, . 
it will be found to-be 99.68; This Number therefore taken off 
from the Sca'e of equal, Parts, and applied to the Line of Num- , 
bers, will give. the correfnondent Divifion: But if greater exaQ~., 
nefs were required, and the Length of the Line would admit of 
it; that is, if ic wéré required to fubdivide- each of thefe into 10. 
Parts more, or which is the fame thing, to find the Divifion anfwer-, 
ing to 80.75 3 looking fir 8675 in the Table, of Logarithms, afd_. 
rejecting the Index, you will iind the Logarithm ftanding againft it 
to be 90.715 fetting off therefore fo many equal Parts upon the_. 
Line ot Numbers trom the Point of Commencement, and it will. 
reach to the correfpondent Divifion: And by the fame manner of - 
proceeding may, each Divilion be; fubdivided into 19, 100, 1090,.. 
Ec. equal Parts, if the Breadth will admit of it. The fingle Line; 
being thus divided, what is called a double Line, Which is upon all, 
Gunter’s. Scales, is no other than the fame Divifions repeated over 
again; and what is called a treble Line is the fame Divifions once... 
more applied. Niwas anata intl shhun ace betas 
~The Ling of Numbers being thus formed, the Lincs of, Sines: 
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and Tangents are eafily made ; for, having Recourfe to the Ta--, 
bles of ‘Natural. Sines. and ‘Tdngents, take out the ‘Numbers. an-.. 
fwering to the given Degree, &¢..and right againft that: Number. . 
found upon the Line of Numbers will fland the corre{pondent De- 

grec, €7c. in the Line of Sines, or Tangents.,, For Example, The . 
Natural Sine of 39 Degices is 000, €&¢, if I look for the Nupsber 

52,upon! the Lite of Nambers on-the Gauter’s Scale, right usder . 
ithall‘fiad the Divifion in the Line of Sines anfwering to 30 De . 
grees; and if [ look for $77, the Natural Tangent of 32-Degrees, 
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in the Line of Numbers, J hall find right under it in the Tangent 
Line the Divifion correfpending or flanding for 30 Degrees; where- 


fore, if the Diftance from § to 10 inthe Line of Numbers be fet. 


off in the Line of Sines backwards from the Sine of 90, and the 
Diftance between $7.7 and 10 inthe Line of Numbers be fet off 
from the Tangent ot 45 Degrees backwards, in the Line of Num- 
bers, you will have in the firft the Divilion anfwering to 90 De- 
grees in the Line of Sines, and, in» the fecond Cafe the Divifion. 
an{wering to 3c Degrees inthe Line of Tangents; and by repeat- 
ing the tame Operation may the whole Line of Sines and ‘Tan-. 
gents be formed. | 

The Divifions upon the Lines, called: the Sine R. and Tangent. 
R, correfpond exactly with the Divifions upon the Line. of Sines. 
and Tangents, that anfwer to the Number of Degrees and Mi-. 
nutes contained in each Point and quarter Point: For Example, 
Againit 33° 45’ (the Number of Deg. and Min. in 3 Points) in the 

ine of Sines, you will fee the Number 3 ftand uponthe Line calied: 
SR, as you will againft 33.45 or 33.4,.in the Line of ‘Tangents, fee 
the Number in the Tangent Rhumbs;. wherefore, if the Diftance 
between 35° 45’ and Go.co in the Line of Sines be fet off in the 
Line of Sine Rhumbs, from the Number 8 backwards, and the 
Diftance between 33° 45° and 45° oc’ in the Lines of Tangents be 
fet offin the Line of Tangent Rhumbs, from the End where the 
Numiber 4 is maiked backwards, you will have in the firft Cafe the 
Divifion anfwering to 3 Points inthe Line of Sine Rhumbs, and: 
in the fecond Cafe the Divifion anfwcring to 3 Points in the Tan-- 
gent Rhumb ; and by this Method the whole Lines maybe divi-. 
ded into Points, half Points, and quarter Points, if required. 

The Lines of Sines and Tangents may be laid down without- 
the Help of the Line of Numbers, by the Affiftance of a Line of 
equal Parts only; for if 3 or 4 firft Figures (acc: rding to the: 
Largenefs of the Scale of equal Parts) of the Artificial or. Loga-. 
rithmic Sine or Tangent, rejecting the Index or Characteriftick, be. 
taken off of the Scale of equal Parts, ard laid down. irom the 


Point of Commencement of tne Line of Sines or Tangents, it will. 


give the proper Divifions. Thus if 9408, &s¢. the Logarithmic Sine 
of 0° 03’ be taken off from the Line of equal Parts, and applied 


to the Line of Sines from the Beginning, it will give the Scat of. 


the Divifion anfwering to 0° 03’ in the fame Line, &c. But it I 


wae to find the Divifion’ anfwering te o° 30’, becaule the Index is. 


~ Iincrealed’ 


~ 
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increafed by an Unit, (that being exprefs’d by the fame Number, 
namely 9408, €3¢. with the Line 0° 30’ rejecting the Index) I fay, 
the Index being thus increafed, inftead of taking off 9408, &e. of 
the equal Parts, you muft take off 19408, &c, Parts, and by fet- 
ting this Dittance off in the Line of Sines from the Point of Com- 
imencement, it will give the correfpondent Divilion. And again, 
inafmuch as the Sine of 5° 00°, rejecting the Index is 9403, near~ 
ly the fame with the Sine of 0° 03' and 0° 30’, vet firce its Index 
is increafed by Unity (being in this Cafe 8, whereas that of 0° 30 
was 7, and that of 0° 036’) inftead of 9403 we muft take off 29403, 
and by fetting off that from the Beginning of the Line of Sines 
we fhall have the proper Divifion. And again, As the Sine of 
6o® 46’ rejecting the Index is 9408, the fame with the Sines of 
c° 03’ and 0° 30’, yet fince the Index ofthis Sine is increafed by. 
Unity, it being now 9, you muft fet off 39408, Ec. equal Parts 
trom the Point of Commencement, and you will have the proper 
Divifion ; and after the fame manner may the whole Line be di- 
vided, the Reafon of which is very evident. 

But as the Index of the Sine of 1 Minute is 6 fuch Parts, as the 
Index of the Sine of 90 Degrees is 10, the Point of Commence- 
ment of the Line of Sines wil! be diftant from the Seat of the Sine 
of 90 Degrees, 4c00 fuch Parts, as a fingle Line of Number 
anf{wers to 1CCO3 and confequently, to lay down the whole Line 
of Sines by the Line of Numbers will require a quadruple Line of 
Numbers, or a Line of 4000 equal Parts of the fame Length with 
the aforefaid quadruple Line. Now as the Seat of the Sine of | 
0° 34! 23", whofe Logarithm is 8.00000, €9¢. correfponds with the 
Number 1, the Commencement of the firft Line of Numbers on 
the common Gunter’s Scale, if from that Point you fet off 2418, 
5428, 7188 equal Parts, the Logarithmic Sines of 1, 2 and 3 Mi- 
nutes, €2¢. rejecting the Index, you will have the Seats of the Sines 
of 1,2, 3 Minutes, &e. on the Line of Sines, And again, becanfe 
the Seat of the Sine 5° 44’ 21"', whofe Logarithm is 9.0000, cor- 
xe{ponds with 1, the Point of Commencement of the fecond Line 
of Numbers on the fame Scale, if from this Point you fet off 2396, 
5340, 6989, €%¢. equal Parts, the Logarithmic Sines of 10, 20, 30, 
€sc. Degrees, you will have the Places of the Sines of 10, 20, 30, 
€3c. Degrees on the fame Scale; and after the fame manner you 
may find the Seats of the Sines of every Degree and Minute of the 
Quadrant, if the Scale will admit of it. 


_ Again, 


x 


CLTETA A STD 


Trigonometr pe wap 

Again, By taking out the Artificial Tangent belonging to the 
feyeral Arches of the Quadrant, rejecting the Indexes, and obferv- 
ing the fame Laws as you are directed to do in forming the Line 
of Sines: You may by that Means form the Line ot Tangents up- 
on the Inftrument. 

The Line of Verfed Sines is readily formed from the Line of 
Sines; for by laying the Diftance between the Sine of 10 Degrees, 
and the Sine of 90° 00’ twice from the Beginning of the Line of 
Verfed Sines, you will have the Verfed Sine of 160 Degrees, as 
will by fetting off the Diftance between the Sine of 15 and the Sine 
of 90° 00! twice from the Beginning of the Line of Verfed Sines,. 
give the Sine of 150: In like manner, the Diftance between the 
Sine of 20 and the Sine of go® oo! fet off twice from the fame Point 
of Commencement, will give the Verfed Sine of 140; and the Di- 
ftance between 30, and 90° oo’ upon the Line of Sines fet off twice, 


will give the Verfed Sine of 120 Degrees. Again, the double of 


the Diftance between the Sine of 45, and the Sine of 90° 00! twice 

fet off will give theVerfed Sine of 90° co" 5 and the Dittance between 

the Sine of 60 Degrees, and the Sine of 90 twice fet off will give 

the Verfed Sine of 60 Degrees, &¢. By which means the whole 

Lines of Verfed Sines may be divided into as many Parts as you 
leate. 


The Meridian Line upon the Scale may be formed after this. 


Manner:' - 

Having pitched upon a convenient Size for the Breadth of an 
equatorial Degree, reduce the Meridional Parts {landing againft any 
Degree and Minute, in the Tables of Meridional Parts into Degrees: 
and Minutes, by dividing the Meridional Parts by 60, and the De- 
grees and Minutes anfwering to this Quotient taken off the Scale 
of cqual Degrees, and fet off from the Beginning of the Meridio= 
nal Line, will give the proper Divifion. For Example, If 31° 28',. 
the Degrees and Minutes in 1884, the Meridional Parts an{wering 
to 30 Degrees in the Table, be taken off the Scale of equal Parts 
or Degrees, and fet off in the Meridian Line upon the Scale from. 
the firft Poiat, it will give the Point againft which ftands the 
Number 30 io the fame Scale. 

Again, If 43° 42', the Degrees and Minutes in 2622, the Me= 
ridional Parts of 4o Degrees ; or 57° 54’, the Degrees and Minutes: 
in 3474, the Meridional Parts of 50 Degrees ; or 7 5° 29’, the. Dee 
- grees and Minutes in 4527, the Meridional Parts of bo Degrees, 

be 
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be taken each off the Scale of equal Parts or Degrecs, which is- 
placed next below it on the Gwater’s Ecaie, and fet off in the 
Meridian Line of tke Scale from the Point of Commencement, they 
will mark out the feveral Divifions of 40 Degrees, 50 Degrees, and 
‘60 Degrees, in the fame Scale 5 and thus may the whole Meridian 
‘Line be formed. pein Up 
‘The Inftrument thus formed is ufeful in every Branch of thé 
‘Mathematicks wherein Numbers are concerned, and is very valua= 
‘bic for its great Facility in its feveral Solution*, and in many Catcs 
gives Anfwers fufficiently exact for the Purpofes: For if you ex- 
‘tend the Compailes from the fir! Number to the fecond, the famé 
‘Extent will reach from the third Number to the fourth; or if you 
extend from the firft Number to the third, the fame Extent will 
‘reach from the fecond Number to the fourth, in all Kinds of Pro- 
portionals whatfoever. ; get : 
Having cleared the Way hitherto, and opened a Path into the 
Knowledge of the fucceeding Part, I fhillnow proceed on with my 
Defign, not doubting but if what has been faid be but tolerably 
underftood, the Reafon of every thing that follows will be very 
obvious to the Learner. Mees! 
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HE Nature and Conftruction of the Sines, 'Tangents and 

Secants Natural and Artificial, as. well as of the Loga~ 

. rithms themfelves, having been fully inquired into and‘ex= 
plained in the two preceding Sections, their Uie and Application 
to the Solution of the feveral Cafes in Plain Trigonometry, will be 
very intelligible ; efpecially if it be premifed, that the “Tables of 
Sines, Tangents and Secants are ‘Vubles of ‘Triangles ready éalcu- 
jated ; that is, If the Bafeofa Right-angled Plain Triangle be 
confidered as made up of 10000, €¢. equal Parts, the Natural Tan-= 
gent of the Degrees, €e. anfwering to the Quantity of the Angle at 
the Bafe, will bethe Length of the Perpendicular ; as will the Secant 
ot the fame Degrees, &ce. be the Length of the Hypothenufé of 


tiefame Triangle. in like manner, ifthe Hypothenule ofa Rights — 


angled: Plain’ Liiangle be confider’d equal to the Radius of the 
Canon, or made up. of 1000, &¢. equal Parts, that the Natural 
ge | Sine 
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Sine of the Angle at the Bafe will be the Length of the Perpendi- 
cular, and the Natural Co-fine of the fame Angle will be the 
Length ot the Bafe:.So that no,'Triangle. can be propofed, but 
that a Triangle fimilar to it may be found among the Tables of 
Sines, €?¢. all the Sides of which are known or given: Whence, and 
by the Help of the feveral Trigonometrical. Axioms, all the Cafes 
that can poilibly arife in the Doctrine of Plain Triangles will be 
readily anlwered, as will appear by the following Solations, 


Cale .the’ 7. > 
\ P ‘ ‘ , : ‘. 
The Angles and, one of the Legs being given, to find the other 


Ce. = n ry, 
- ‘Fhe Bafe and. Angle.at Bafe being given, to find the Perpen- 
dicular. | 


Example. 
- Given” ay ete a rie BC required. 
THs 1h Geometrically, . 

1. Make AB equal-to 64 Ke 
by a Line of equal Parts. Sin Cae ee 
2. Ere&t the Perpendicular | | i rg 4, ‘ fey 

ee A, plore eo. 

@iMake the Angle at AX. 4. 4) Hs" sp antosmery 
Sn 521 2e ana ror ST ee Z 
duce the Line AC, till it mect eam CPOE ge ae ; 
the Perpendicular in, 9 Pees. Seadesty ae Satan bas 


‘ 


~ 4. Then is the Triangle determined, and BC being meafured 
by the Line of equal Parts will give its Length. iakiels 


But if a more exact Anfwer be requited in Numbers, produce 
AB to D, till AD be equal to the Radius of the Canon ; then will 
DEibe the Tangent of the Angle A, oy Ax, thetft-of Trigonomes 

try, and therefore given in the faid Tables; and becaufe the Tri-_ 
angles ABC and ADE are fimilar, it will be by Theor, the 15th. 
oe ia ie Ave DEG AB PBC, 4 ¢ | 
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As the Radius 


To the Tangent of An le at A 6 52) 12" ——— 9.87 50628 
So isthe. given Leg AB 04 “esgic, 1.8061800 


'To the required Leg BC 48 Tore a —- 1.6812428 
Produce CB to F, till CF be equal to AD, then will FP be the 
Tangent of the Angle at C, (by Axion the iff of Trig.) and it. will 


be (Bi Theorem the Ane ) 
PF: FC:: AB: BC. 4 ¢. 
As the Co-tangent oF the Angle at A 36° 52! 12% ——= 101249372 © 


‘To the Radius —————-——--— —— ——._ 19.0000000 
So is the given Leg AB 6, —— — ———- —— _— 1.8061800 


eee 


To the required Leg BC —--——— ———=——= 1.68 12428 


Or, 
From the Points H and K, let fall the Perpendiculars HI and 
KIL, which will be the Sines of their oppofite Angles, (by Ax. 
ibe if of Trig.) and it will be, 


CH: CA:: HI: AB : , 
3d4 AK: AC::KL: REL by Theor. the 15th. 


| Wherefore, (by Cor. 1.of Prop. 12.) HI: AB: : KL: BC, . 
As the Co-fine of the Angle at A 36% 50’ 12% -— 9 950895 


To the Sine of the Angle at Aig 50" 52" bh fe - 9.7981 
So is the given Leg AB 64 Se cael eee 2 806 cee. 


To the required Leg BC 48 + 
Cafe the 2d. 


ithenufe. 
The Bafe and Aogte at ale being & Ries, to find the’ ene 


thenufe, 
Exanple.. 


een em a sih' “| 


1 


Ghe of che Lege and the Angles being given, to find the By- an 
: 


| 
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rT Example, | 
Given AB = 64 t AC required 
<A 36° eo eed ee quirca. 

This Cafe is conftrudted like 
the former; and if AC be ap- we 
plied to a Line of equal Parts, Coahe: 


v 


its Length will be known. 4] ones 
And becaufe DE is the Tan- any 

gent, AE the Secant of the An= ee eae: 
a 7D 


gle at A; alfo Pi the Tangent, wat i 
PC the Secant, and HI the Sine oy ee A labs eta 
of the Angle at C, to the fame Be a : 
Radius, by Ax. the 1 of Trig, Pocrcessescee fee tine SE 
ic will be, by Theor. the 1 5th. Say Sa 


1% DA: AER :: BA: AG 2.2 | 
As the Radius -—--—---— ——— ———--—  10,0000000 


pene 


~ 'To the Secant of the Angie at 36° 52’ 12” ———— 10,096 9107 
See aei cn Gren 0g I 8061800 


To the Hypothenufe AC 80 


eee) 


a res 1.9003 0007 


Or, 
ad. TH: HC: BA: AC. 7%. 
As the Sine of the Angle at C 53 o7' 487 — 


9.9030895 
To the Radius wt ———  10.0000000 
Bod is the Leg AB 64 ee es = = 1.8061 B00 


fee et 


To the Hypothenufe AC 8 tte — womens I 9030905 


8 9 rc: Pap AC. 7.8. 
As the Tangent Se the Angle at Cc ator 48 10, 1249372 


To the Secant of the fame ae 53° 07' 48" ——= 102 218497 
‘Soi is the given Leg 64 —— ——— —— 1,8061800 


ene ee 


Yo the ‘Hypothenufe BQ me 1.9030905 
ys Hi oe): ‘ Cafe 


“AS the Reine —— 


‘So i is the Hypothenufe 80 
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Cafe the 3 d. 
a Given the Hypothenufe and Angles, to find one of the Legs. 


Or, 
49 Mé H ypothenute and Angle at the Bale pa given, to. find | 
the Bafe, 
. _ Example. 
AC =—S0 


Given. Ase 36°. sy fa! 


‘ AB required. | 
if Geometrically. 


Draw the Line AB at plea- 


ia 
2 Make the Angle at A equal 
to 36° 52’ 12”, and continue the 


A, 4——9—" rhe Line AC till it be equal to 80.. 

Ane a ta Sea Yt Pe 3. Let fall the Perpendicular 

coe se ee CB, then, is the ie Ea com= 
Po. TARUSOR Ls Ate Cian Se TTA) fone 


A ‘And AB the Leg required ; and if meafured by a Line of 


equal Parts, you will have its Length. 
But to determine the Length by Calculation, let there be the 


fame Preparation, as in the former Cafe, and. it will be y He 


the 15te 
if, GH « Files GA: AB. i. 


age or and 1 6. o000c0a 


To the Sine of the eee at C 53° 07" ge —— 9. 9030895 
1.9030500 © 


eee 


se 1.8061795 


a 


To the Leg required 64 Le ree 
ad. AE: AD:: AC: AB, 


JAS the Secant of the Angle at A aes 5 rae praece 1 0,0969107 


! ~ 
To the RORTNE es alO: cdo9000 


So-i8 the Hypothenufe 80 ——= ————- — ———- -—" - 1.903C9S50 


oem 
an = abaone: 


‘To the Leg fought 64 + are. eyo ara —— I, Tsai 
: ir, 


e ‘Trigonometry. ae 6 


Rags S113 8 CQ, | 
Ooisd, CP: PF ACA AB. 2. 
As the Co-fecant of the Angle at A 36° 52’ 1a meme 10,2218.477 


erp a 


“To the Co-tangent of the fame Angle 36° 52’ 12") 10.1249372 
$01 is the Hypothenufe 80 —— -——- —~-— 1.903C.900 © 


Te the mil: ae 64. —~ ee peek 


"hee . 


Cale the ate 


The ne Legs being siverr to find the Angle. 
Or, 
oO Phe cae and ; eee being given, to’ es the Peele 


* re Let AB be fou ae to . aE 
64 of a Line of equal Parts, ; ae 


Example. - 2 ) 
foo ABS eat Angles at'A and C requir’d. ty / 
2. On B, raife the Perpendi- . 


cular BC, and‘ lay off upon it ~ | 
- 48 Parts ‘ot the fame eral from. i Mey 
B to Cy ' oD Kt i 


Soi the Paine eAdcnd Cr 
by the Right Line AC, and the...” 
Triangle will be formed. And if ; 
theAngles at AandBbe incafur’d 
by a Line of Chords, their Gantilics will by ae means be known: 
 Butto find the fame Angles by Calculation, produce. AB to D, 
till AD: “be equal to the Radius of Canon; sen will DE ‘be. the 
eas ofthe ane le at A, (dy Ak. the if af Sed. the 9@) and 
WO. wilh 
Oe: LAR: BC: AD: DE, (by uae the te) i, @, 
As the. Leg. AB 64 ee ee 1 8061800 


Ect ged 


5 .:. the Leg BG B- ne, i O8154i2 3 


o is the Radius | A 10.0000600 
\  Tothe Tangent of the frelon at A 36° 52! 11h 9/87,50612 2 
igh | “ye W hofe | 


en ox 
ve rae Sic eur 
* 


62 | Trigonometry. 

Whofe Compliment to a Quadrant is the Angle at C=53° 07’ 48" 5, 

(by the 34 Corol. of rhe Ath Theor.) 

If CF be made equal to AD, then will FP be the Tangent. of 

Angle at C, (by Ax. the 1) of Trig.) and it will be, : 
BC: ABi: CF: FP. (ay Theor. the 1 SHB Ye 6. on 

——- 1.6812412 


earnest 


To the piven jeg AB (G4 ocean enn 1.8061800 
So is the Radius ——xe4eree? seroma 1.0.00000CO 


As the given Leg BC 48. ———— 


‘Tothe Tangent of the Angle at C §3°,97; 48 fare BOM 249388 


Which being fubtracted from 90° 00’, leaves the Angle at A = 
36° 52’ 117 7, a8 before, (by rhe 3a Corol, of the 4th Theor. ) ? 


Cafe the 5th. 


The Legs being given, to find the Hypothenufe, 


Or . 

The Bafe and Perpendicular being given, to find the Hypo- 
thenufe.. | ’ 5 
| | Example. — ; 

Given a aaah ac required, - 

The Geomtetrical Conftruc- 
tion of this Cafe is, in all Re- 
fpects, the fame with the for- 
mer: And if AC be meafured 
by the fame Scale, by which 
‘the Triangle was projetted, its 
“Length will be known. . 

Andif an Anfwer. be requi- sfattboncicbes oh 
zed by Numbers, Blinc vieeencereeenn dee 
.. 9ff, Find the Angles by Café the 4th. 
‘dd. Then the Hy St al by Cafe 


me 


é 


woot? 
*Vbsacsonee Raw RP 


the 2a. 


IST 6 FOKL Gg ie we, Me eee 


Trigonometry. 649° | : | 


Or 
To the Square of one of the given Sides AB == 64 = —~ 4066 
Add the Square of the other Side BC = 48 = —-——-—— 2304 


The Square Root of that Sum —~ —~—— So ee OOO 


will be equal to the Side AC = 80. 


| Or 
From twice the Log. of the greater Side AB = 64 = 3.61236co ~ 
Subtract the Log. of the lefler Side BC = 48 = 16812412 E 


Se 


‘The abfolute Number anfwering tothe Rem. is 85.3332 1.9311188 


(pense ise 


To. this Number 85.3332, add the leffer Side 48, and the Sum | | 
will be 133. 3332. a 


Add the Log of the leffer Side BC = 48 = ——-— 1.6812412 


ecm 


To the Log. of this laft Sum 133. 3332 SESE | oi bY cd 4a ie yl | 
WA 
| 


SS paren 


Half the Sum of thefé two Logarithms 3.861701 Rit 
will be the Log. of the Side required AC tall, ej canta 1.903089 5 Y 


For put H for the Hypothenufe, b for one of the Sides, and 
pp+bb = pp 


pfor the other, then HH = pp-+ bb = ~~~ xb= p -{bxb, 
Renee Bes Yap Se. oe43 sa a 
whence H av PP + bx b,. | 
. Cafe the 6th. hit 7 
ee and one of the Legs being given, to find the he 
D; : leit t Or = : 
_ ihe Bafe and Hypothenufe being given, to find the Angles. 
sascha tek LB ely CB DIES 3s 
Stason") iron ie aa 
Sy ae Siva: z AB lig apa A tes C required. 


a a 
mb 


‘Geontee 


Trigonometry. 


Geometrically. 

1, Let AB be made equal 
to 64, by a Line of equal 
Parts.” 

o, Ere& the Perpendicular 
Be | 

3. With the Diftance of 80 
betweenthePointsoftheCom=- 
paffes. fetting one Foot in A, ° 
with the other crofs the Per- 
pendicalar in’ C, i a 

4 Draw the Line AC, then is the Triangle pr jected 5 and the 
Angles may be meafured, as before, by a Line of Chords, 7%, 

But in order to find the Angles Uogarithmetically, make AD 
and CH equal to the Radius of the Canon; then will AE be the 
Secant of the Angle at A, and HI the Sine of the Angle at C, (dy 


fa 


Ax the 1ft of T: rig.) and it will be, | | 
_1ft, AB: AC:: AD: AE. (dy Theor, the Lsth ) that is, - 


As the given Leg 64. oe 1.8061 800 


To the Hypothenufe 80 Les ee eS ee ye 
So is the Radius + —— ——~ 10.0000600 


‘ To the Secant of the Angle at A’ 36° 52! rs 270,696 9100- 
Whofe Defect to a Quadrant is the Angle at C=53° 07’ Wi 


Or, 
od. AGVABieHtG HI. 7.6. AA 


As the Hypothenufe 80. ——-——— —--—--———_ I. 9050900 
Tothe Leg given 64 -—— sale aie ernog 
So is the Radius ——~ A JC) sO mapa 8! 


To the Sine of the Angle at 053° 07’ 48" + —— 9.9030900 


Which being fubtracted from 90°, will give the Angle at A= 
36° 52’ 11"4, as before, (dy Cor. the 34 oF APPibe 4.) oy 
4 Cafe 


is 


Trigonometry. ; 65 


‘Cafe the 7th. 


The Hypothenufe and one of the Legs of a Right-angled Plain 

Triangle being given, to find ‘38 other Leges. sk 
; : < 

The Bafe and Hypothenufe being given, to find the Per pen- 


~ dicular. | Example. 

In the Triangle ABC, Right | KE 
Angle at B, setae 
Are givens Ae e req. BC. t | } $ : 

The Geometrical Conftruc- AZ Ses ener, 
tion of this Cafe, is the fame 15 Ris Wet Soi pes - Re 
with the fifth, andthe Length oy, : 
of BC, may be meafured by a poe arent ats. : 


Line of equal Parts. 


This Cafe is likewife a Compound of the 6th of the if, ahd of 


the 3d; for the Angles Aand C being found by the 674, the Per- 
pendicular BC may be found fix differentWays, as in the laft, oz. 
three Ways by the Help of the Angles, and the Bafe or Leg AB, 


asin the fitft Cafe; and three other Ways by the Help of the An- 


gles and the Hypothenufe, as in the third Cafe; all which I fhall 
omit for Brevity-fake, fince the intelligent Reader may cafily fup- 
ly. them himfelf, : / | . 
The Perpendicular BO-may likewife be found by Prop. the 11th, 
Mion the Square of the Hypothenufe AC So= — =— 6400 
Take the Square of the Bafe AB 64=—= —- — —- —— 4096 


' The Square Root of the Remainder will be 48, the Perpen- 


~ dicular. 


_Add the Log. of their Diff. = 16 


Ona eee 
To the Logarithm of the Sum of the Hypothenufe t 2.1 583625 


and Bafe, or given Leg AB 144. ———--—-—— 


y) 


ws 1.2041200 


TCT 


"Half the Sum “Of thefe two Log, will be the Log. oa 


: 49 of the Perpendicular 48 — Ae VS Se es 1 OR RAH 12 
. SOUT ae my we N. B, 


Ries tecees 


S66 _ | Trigonemetry. 


N. B, hoe Proportions in which the Radius is not concerned, are 
moft eafily work’d, by taking the Avithinetical Complement of the 

- firft or uppermoft Number, which is what it wants of Yo.oooeoce, 
‘for then the Sum of the three Terms will be the Logarithin of the 
fourth required. a0 23 3 


a 


The Sides are to each other, as are the Sines of their oppofite 
ingles that ass uve roar pare ae a eee 


} : rn. mats 


Ward J pep tah he 


In the’Triangle ADE it willbe, AD:DE: : & Angle E:S” Angle A, 

_ Confir. Produce! ED to B: (dy, the.1/7 Poff.) make EB=AD, and 
let fall the Perpendiculars BC and DF (by Cor. 7. ‘Prop. 6.) which 
will be Sines of their..oppofite Angles Ei and A (ly Ax. the fh.) 
tu the Radius EB=AD : Wherefore (by Prop, the I 5th) it will 
7S, 90.1 As EB: EDs BGADEs thatds,” oi A ements 
, As ADL EDT: 3) vo! SAL a ee 
This, Anjos weld in ibestanation.ob the thesis Cag Sango iaug 
Angled Plain Triangles, and may be applied to all the Cafes in Plain 


Trigonometry, except that wherein the two Sides and the Angle contain= 
ed ave Given, and the three Sides to find the reff, | 


"Theorem 


ee ge 
a 


rps | ee , . 

| “Trigonometry. _ 67 
~'"Fheorem the 34; or ‘Axiom the 3d, 

‘ bina Ta Re ES Sit at} rei) ¥ 573 A Gee . 


_ In all Plain Triangles .it will be, . : 

As the Sum of any two Sides, is to their Difference, {0 .is the 
Tangent of half the Sum of their oppofite Angles, to the ‘Tangent 
of half their Difference ; or, of the Difference of either of them 
from the half Sum. a i ae a , 

Now the Arch of half Difference added to the half: Sum will 
give the greater of the two Angles, and fubtracted from half the 
Sum, will leave the lefier. | 


That is, in the Triangle ADE, it will be, 
if, AD4--DE: AD=DE: ?T. $3 EPA Tass EA, 


F > E 4p ee Sh OE tire at 

Conftr. On D io a Céntér, with the Diftance of DE, defcribe the 
Circle XEZ (by the 34 Poft.) produce AD to Z, (by the 1ff Poff.) 
join the Points X and F, (dy the 2d Poff.) and draw XB parallel 
to AE. (hythe 8th Cor. of Prop. the 5th.) . 

Demon ee D is the Center of Def Circle KEG s pistetors 
are DXSDE,RZ, equal (dy the 15th De “) whenge “AZ is equa 
to AD-- DE ee Ax.) and AX equal t {AB—DE (oy 


the 30 Ax.) a i fs 
Again, Becaufe X°Zris.the Diameter of the Circle/ EZ, there- 
fore the Angle XEZ is Right (dy the, 44 Cor. of} Prop. 9.) and 
EZ, the Tunzent of tke Angle EX'Z @y the NPR.) = XED (by 
the 6th Prop ! BDZ (by the pth’ Prop.) = =ASSALE (hy the 
iff Ax.) to the Rudius XE, and EB is the Tapgent of the < 
— EXB/0y the iAx.J=XEA (by the 3d Prop. ) to the fame Radius. 
| ae as" ~ 


. e And pecatile y 1s ‘parallel, AE, it will be (dy the 141) Prop.) 
a3 As ee Ry at BE that is, _ ‘ 
2 s 


AOD 


Trigonometry. 
As AD + DE:AD—DE::Ti <° A-GE TT. EXB = (67 
she 3d Prop.) <XEA, the Arch of Difference of either trom 
the half Sum One 30 A | 
Now, DXE—EXB= (by the 34 Ax.) DXB=(by the 34 Prop.) 
DAE and DEX4XEA= (ly the 24 Ax.) AED. eatin 


In fuch Cafes where the ‘Logarithms of two containing Sides are 
given (which frequently happens, and particularly iv the Cafe for jind- 
ing the Bearing and Diftance between any two inacceffible Places) 
the following Theorem is very applicable, being easier for Practice, aud 
producing a truer Anfwer than the former. , . 


Theorem the ath, or Axiom the Ath. 


In all Plain Triangles it will be, 

As the leffer ofthe two Sides, is to the greater, fo is theRadius to: 
the T'angent-ofan Arch, from which taking 45 Degrees, it will be, 

As the Radius, isto the’Tangent of the remaining Arch ; fo isthe | 
‘Tangent of half the Sum of the oppofite Angles, to the ‘Tangent 
of half their Difference; thatis, in the Triangle ADE, it wiil be, 


‘As DE: AD::R:'T of an Arch. Agaio, ——- 
As R: Parch—4sdeg.s TE SATE: Ti oo EA, 


‘ 


o* @ wuuwe. 


ra 


Vienne 


ey yr e hae 


f 0 pay a 
Trigonometry 69. 


Confir. On D as a Center, with the Diftance of DE, defcribe the 
Semiccircle EBX (Ly the 34 Poff.) ED being firft produced to Z, 
till DZ=DA. Let DB be perpendicular to KE (by the 6th Cor, 
of the 6th Prop.) and draw the Lines BE, BX (ly the 2d Poi.) 
which will be equal (dy the uff Cor. of Prop. 6.) from X draw XC, 
perpendicular to BX (by the 6th Cor. of the 6th Prop.) then will 
the Triangles BZE, CZ be fimilar (2y Prop. the 34 and 4b.) 


And becaufe the Triangle ‘LBD is Right-angled at D, it will 
be (Ly the 1ft Ax.) (DB=) DE: (DZ =) DA::R:'T. ZBD. 
Now ‘ZBD-—XBD (= 45 Degrees) (dy Cor. the 4th of Prop. 4.) 


-- =CBxX. Wherefore, 


Aon ies OPS: (BX—) BE : CX (by Ax. the Uff)? > Z: 
XZ (by the 14th Prop.) is Ta << E+A:Ti<* E—A (dy the 
precedent Theorem.) 


: Thefe two Axioms are ufeiiul_in the Solution of the 4th and 5th 
Cafés of Oblique-angled Plain Triangles, where two Sides aud the 
Angle contained are given, to find the reft. 


Theorem the 5th, or Axiom the 5th. 


In every Plain Triangle it wiil be, 

As the Bafe, is to the Sum of the other two Sides ; fo is their Dif- 
ference to the Difference, of the Segments of the Bafe; made by a 
Perpendicular, let fall from the oppofite Angle when it falls with 
in, or to the alternate Bafe when it falls without. . 


That is, in the Triangle ADE, it will be, 
) As AE: AD --DE:: AD— DE: AB. - aha 
onftr. 


wo 


” 


join the Points D and B (by the 1ff Poff.) and let fall the Perpen= 


Trigonometry. — | 
Confir, On D as a Center, with the Diftance of DE; defcribe the 
Circle XBEZ (by the 34 Poff.) produce AD to Z (by the 2d Pofl.) . 


dicular DP (by Cor, the 7th of Prop. ys 


Demonfir. Becaufe D is the Center of the Circle KEZ, theres 
fore are DX, DE, DZ, equal, and AZ =AD-+-DE (by the 2d. Ax.) | 
and AX — AD-+ DE (dy the 34 Ax.) and becaufe the Point A is | 
without the Circle, AE x AB=AZxAX (dy Cor, the 14 of Prop. 16.) 
Wherefore (by Prop. the 12th) it will be, AZ: AZ: : AX: AB. 4 


That is, AE: AD -—. DE:: AD—DE: AB, the Difference of 
the Segments AP and PE inthe firft Cafe, and the alternate Bale 
AB in the feconds \+) =. St: Rte 5 


-- SAP ae 
Now, AEE AB=2 apt in the firft Cafe. 


oa 


| 
“And ABE AFinb) RD Yih the fecond. Cafe. ....s ia A ; 


This and the following Axioms are of Ue in finding the Angles nm. 4 
the fixth and laft Café of Oblique-angled Plain ‘Vriangles, where the 
three Sides ave given. te 


peed Theorem the 6th, or Axiom the 6thee i 4 


Tn all Plain Triangles ic will be, PIO oe 

As the Rectangle, or Product of any two contained Sides, ‘is to 
the Retangle, or Product of half the Sum of the three Sides, mul- 
tiplied into the Difference between half the Sum of the three Sides, 
and the Side oppofite to the Angle contained 5 fo is the Square of 
the Radius, to the Square of the Co-fine of:half the contained 
Mneles,. L hag ts; Pea: oti oa ‘ } 


, a. * 


In the Triangle ADE, it will bes Foe th lS Nee 
J 3 - Ab ADTDE. ARLADLDE... a ae eh 
AEXED)————7——= x ———) DE ii Rq: ode 


-£ the Angle DAR. | 
Py ‘ Confir, 


: Confirudion. 
1. Let the Angle DAE be bifeéted by the Line AC (y Cor. the 
4th of Prop. 6.) and let DCB be drawn perpendicular to AG (by 
“Cor. the'7ih of Prop. 6.) then will DC=CB, and AD=AB (by Prop. 
~ the 5th) and confequently BE is equal to the Diflerence of the Sides 
AEF, and AD. 
_,. a, From C draw CM parallel and equal to DE (Ly Cor. the 5th 
“of Prop. 3.) then will CF = 3 DE. (Ly Prop. the 14th) the Side op- 
~* pofite=FM, and BE=FE, equal to half the Difference of the Sides 
' AE, AD, and confequently AP==half their Sum. | | 
3, Join the Points M and E, and produce ME‘ till it meet AC 
produced in G, then will MEG be parallel to DOB (dy Cor. the 
6th of Prop. 3.) and confequently the Angle at G right (oy Cor, the 
3d of Prop, the 9th.) ' 

4. On F as a Center, with the Dittance of CP = FM =} DE, 
the oppofite Side, draw the Circle LCHM, which will  pafs thro’ 
the Point G (by Cor, the 34 of Prop. the 9th) then will AH be equal 
to half the Sum of the Sides AE, AD, and the oppofite Side DE; 
and AL equal to their Difference. Wherefore, (2y the iff Theorem, 
or iff Axiom of Trigonometry) it will be, 

As AB: ACI: R:6s:: —<BAC= DAE (by Confir.) 
_ And AE: AG:: Ries, BAC= ; DAE (dy the fame, ) 
er a AWherefore (dy the 12th Prop.) it will be, 
ae, ABx AE: ACx AG::Ry.¢s, 9g: DAE. 
~. Bat, ACxAG=AHXAL (dy Cor, 24 of Prop. 16.) and AB=AD, 


by’ Conftruction, . Wherefore, 
As 


— 


i 


* 


"9, Trigonometry. cil 
As ADx AE: AH x AL: :Rqies,q7< DAE. That is, 
As ADxAE: ADLAEADE AD*+ AE DE: Rg :05,9.3DAE 
2 Te ed 
And becanfeSD+AE-DE_ADTAETDE__pF, ic will be, 
2 By 4 
As ADxAR, ADLAELDE ADTAETDE _DE::Rgies: 
+.< DAE ¢. N= a 
Put Z — AD-LAE-LDE ang X = ADLAETDE DE 
2 iQ AWN faa. 
Then it will be, ADxAE: Rg: :Zx X:05,95 <A. Wherefore, 


us 
AEX DA* 2x X= 65,92 <A. That is, 


Becaufe ihe Difference between the Logarithmic Radius and Lo- 
garithm of any other Number, is called the Arithmetical Comple- 
ment. 


1. 'To the Arithmetical Complement of one Side AE, add the 
Arithmetical Complement of the other Side AD. Alfo, the Loga- 
rithm of halfthe Sum of the three Sides, and the Logarithm 
of the half Sum leflened by the Side oppofite, half the Sum 
of thefe four Logarithms will be the Co-fine of half the Angle 
required. 


SE een eee 
Si Gute wal ths za) 
Containing the Solution of the Six Cafes of Oblique- 
angled Plain Triangles. : 
Cafe 1. 


Two Sides and an Angle oppofite to one of them being given, 
to find the other oppofite Angle. 


Example, 


* 


: Trigonometry. 


; Example, j 
In the Oblique-angled Plain Triangle ADE, 
i = Ae fies E304 50 : lot 
Are piven DE =70 — &req: <s Dand A, | i | 
(E=44" 12’ ‘ih A 
+ Geometrically, | / | 
1. Having drawn the Line AE, make the > y, 
Angle AED equal to 44°12’ by the Line of : ve 
2. Make ED equal to 7o, by a Line of A 8 aif 
equal Parts, | ne 


3. With the Diftance of 104, between the Points of the Com- . aay 
paties; fetting one Foot in. D, with the other crofs the“Line AE in i) a 
A, and join the Points D and A, and the Triangle ts‘ conitructed ; i 
and the Angles D.and A may be meafured by the Line of Chords. 

To find the Angles by Calculation, it will be, by the 24 Iheoren 
or Axiom of Trigonometry, AD: DE::S.<E:S.A. That is, 
As the Side oppofite to the given Angle A=104 —— 2.0170333 

To the Side oppofite to the Angle fought =zo— #.8450980 

So is the Sine of the given Angle Ei == 44° 12’ —— 9.84333 51 


AD De te 


To the Sine of the required Angle=A 27° 59! —— 9.671 4003 


The Angles E and A being known, the Angle at D may be 

found (by Prop. the.4th) thus; wie > og Ee fi 
_..F rom the Sum of the Angles A, D and E== —— 180 09 

‘Take the Sum ofthe Angles A and EK = } 


107 49 


‘Sere 


Se ie pemeaseremrenaes, 


Remains the Angle at D = 


dn this Cafe, if inftead of the Angle E, the Angle A had been gi- : | Boe 
ven ; that is, ¢f the Side oppo/ite to the given Angle had been the leffer | Pa! 
‘ 


of the two given Sides, then the Cafe had been doubiful, and the Av- 


gle at D esther Acute or Obtufé, as foall be foewn at largein the 34 i CER ois 


CG/e. | 
-.! K Cafe 


mA Trigonometry. 
CAR : 


The Angles and one Side of an Oblique-angled Plain Triangle 
being given, to find either of the other Sides. | 


Example. | 
In the Oblique-angled Plain Triangle ADE, 
A Seen tees: 
Are given co are nah required AE. 
CAD = 104 
Geometrically, 


1. Make AD equal to 104, by a Line of 


D> 
equal Parts. | 
A ref Nasties B ph Make the Angle at A equal to 44° 12’, 


andthe Angle at.D equal to 107° 49" by the 
Line of Chords, and continue the Lines AE, DE, till they inter-" 
fe&t each other inthe Point E, and the Triangle is formed; and 
AE may be meafured by a Line of equal Parts.” Lait 


h 


To determine its Length by Calculation, it will bade Axion 


the 2d of Trigonometry, As S.<E:S.<D:: AD: AE. That is, , 
Asthe Sine of <E 44° 12’ oppofite to the given Side 9.8433356 


‘To the Sine of <D 107° 49' oppo. to the req. Side 9.9786 5 54. 
So is the given Side AD = 104 —~ ——- ——— ———_ 2.0170333 


538 


To the required Side AE=142. 02 ——=- = —— 2.1523 


After the fame manner may the Side DE. be found. 
Cafe ITE. 


Two Sides and an Angle oppofite to one of them being given, 


to find the other Side. a GAN 
In the Oblique-angled Plain Triangle ADE, 
| GAD 104, on Way, 
Are givens DE=70 se required AE. 
CcES44° 12’ 


~ 


The 


oi Trigonometry. 5 
- The Geonretrical Conftruction of this Cafe 


is exaétly the fame with Cafe the firft, and QD 
AE may be meafured by a Line of equal ~ 6 


Pardg, 40) CD ANT . 

- To fad the Angle D it will be asin the 4 Na 
firitt Cafe, we. . ee 

a As AD: DE::5. Angle E.:S. Angle A. That is, 


As the given Side AD =2 104 eens we —— 2,017 33 
To the given Side DE = 70 -—- ——— ————-_ 1.8 450980 
So is the Sine of the given Angle E == 44° 12! emma 98433350 
. To the Sine of the Angle at A 27° 59° —— —-—-_ 9.6714003 
Which being obtained, the Angle at D will be found to be 
107° 40', (by Prop. the 4th.) 

- Wherefore to find AE, it will be, 


th AsS. <E:8.< D:: AD: AE. That is, 

“As the Sine of the Angle E 44° 12’ ae 9.8435350 
it Tothe Sine of the Angle D=107° 49" its Suppl. 72° 11’ 9.9786.554 
So is the given Side AD =e 104 steaetg————s+ 2.0170333 


ee 


"To the required Side AK = 142.62 ————— 2.152353 


If inflead of the Angle E.the Angle A bad been given, the Sides AD, 
DE. remaining the fame, the Cafe had been doubtful , and the third 
Side AE would have bad two different Values, as the following 

Example will fufficiently foow. : “ 


Seaer ith: 


2: Ee Example 2. 
- fn the Obliqueeangled Plain Triangle ADE, 
atihis AD = 104 Dea 
Are givens DE = 70 required AE, 
— (<A= as 57), 


Trigonometry, 


the Confirudtion itfelf,; for having formed 
_ the Angle A, and fet. off AD from A to D, 
~E if with the Diftance of DE, one Foot of the 
\ Compaffes being placed in D,the Arch EE 
be drawn, it will cut AE. in the Points E 
and E, onthe fame Side of the Point A and confequently the An- 


gle D as well as A will have two different Values, and to find each’ 


of which it will be, by the 2d Theorem or 24 Axiom of Trigonometry, 
t As DE. ADI: S. 2 AvS..< E) -Thatiis, 
_ As the given Side DE. = 70 


Ste a 


TS the given Side AD =104. -—— —-____. ——_. 2.01703 33 


So is the Sine of the Angle A = 27° 59’ — ———- 9.6713716 


To the Sine of the Angle E = 44° 12’ — —— 9.843 3069 


The Meafure of the Angle Ein the great Triangle AED, but 
taken from 180° oo’ (becaufe the Triangle E,DE is Ifofceles) leaves 
135° 48’ for the Meafure of the Angle E. in the Iefler Triangle 
ADE; whence, and from the 4th Prop. the Angle D of the great 
Triangle ADE, will be 107° 49’, but the Angle D of the lefler 
Triangle ADE will be only 16° 13’; whence firft, to find the Side 
AE ot the great Triangle ADE, it willbe, 9 


AsS.< A:S.< D::DE: AE. That is, 


As the Sine of the Angle A = 27° 59" eamenyreerta Ah LD | 


‘ 
rey 


To the Sine of CD=107° 49’ its Supplement=¥72° 11’ 0.99866. 
So is the Side ED=70 ——-—— 14 eh Be 


eee 


To the required Side AE = 142.03 —~————— 2.1 523818 


2, To find the Side AE of the leffér Triangle ADE, it will be, 


AsS: A: 5.<D:;DE: AE. That is, 


. The Ambiguity of this Cafe appears from 


PD 


ee 


Ae’ 


N“ 


Trigonometry). | bg 
» As the Sine of the Angle A= 272% 50! ae 09.671 3716 


_ To the Sine of the Angle D = 16? 13’ ——--—~ 9.44502 50 
hs ‘So is the given Side ED FO eare aie Bb 450980 
'To the Side AE required ah wns ——— 1.6197 514 


Flenee;) 3 


‘Ifthe cE be Ob b the the < Dis $107 45 49 Janta ARio$ § Ses 03 03 4 


If inflead of DE, ia the jir (fi Example of the third Caf the Side ALL 
had been given, the Cafe would have been likewtfe ‘doubtful ana 
DE would have had two different ad as will appear from the 
poltipoing Example, 


Cafe UL 
Exaniple 3) 
Ta the  Oblique-angled Plain Triangle ADE, 


AD= 104 cca 
Are Be AE= 142.02 required DE. 
(<E=49" 12" | 


Conffrustion.. 


i “Having drawn AE acal to 142.02 
equal . Parts, and formed the Angle E. equal 
to 44° 12’ ‘by the Line» of Chords, take 
the Diftance.104 the Length of AD, and_ 
placing one Foot of the Compafies-in “A, - Wea 
with the other defcribe the fmall Arch DD, 
which will cut the Side ED, in the Points D and D, on the fame 
Side-of the Point E, whence the different Values ‘of the third. Side 
DE may be found, by the Line of equal Parts; but to determine 
the jee ke Cateulation, it will bg», 


he kt he. bas 


nr “As AD: AGS 8: SD. That is, 


AT Trigonometry. 7 
As the given Sidhe AD 2101p mes ent 0170333 


Us the given Side AE = 142.02 Sarr Ean 2. 1$23495 
Soi is the Sine of the Angle eo oe wet 08533356 


eS EGE Se eras 


To the Sine of the Angle | Sappens 79° Ti! =~ —— 9.0786 518 


AA ree Om 
aon nee 


The Meafure of the Angle at Din the great Triapele ADE, but 
taken from. 180°; co! (becaufe the -Tridngie: ADD is: Ifofceles) 
leaves poz? 49’ “for the! Abgle D in the feffer® Triangle AEs 
whence the Angle A in the great Triangle will be 63°. 37’, and the 
Angle A in the jefler 27° 59°; wherefore to find the Side DE, in 
the great Triangie-ADE, it’ ‘will be by the ad Theorene or 2d “A. 


of 7; regouometry. 
sS. <E:S. <—A:: AD: DE, That is, | 3 
As the Sine of the Angle E 44° 12’ +. —-»— 9,843 33.56 


To the Sine of the Angle A= 63° 37’ — 9.9522310 
So is the Side oppofite to Angle E, wa, ae ap meet ig. Pai 33 


To the required Side DE=1 33. ee, ar Wieden DUR Je — 2.159287 
2. To find the Side DE in the lefles Triangle: ADE, it wil it will be, _ be, 
As 8. CE: 5S, <A: :AD: :DE, That is, 
As the Sine pt the Angle E=44° 12) nee ss 09,843.33 56 


To the, Stat of the Angle A=ay" 59' as 
So is the Side AD= 104 - ny 2.0170533 
Te the Side rey. DE=70~ eet mt I, ai 


areilacace Satay 4-H j Moy | AY i sont 


Acute 


‘Henc 
Lethe “<D be! ever ae} 592 ae a, is * 70 00 § 


133. 64, 


In like manner, if the Sides AE,DE, and the Angle A, were given, then 
would AD be found to be of two different Values ; as ismanifeft from 
the former Conftrutions, by rete the Letters A and EB, 

Cafe 


FN ee oe tg a a ee ees oe 
ery >: eee ie SS oF So re 


‘Trigonometry. "9 


Cafe IV. 


“Tivo Sides. and; the ened Angle of an Oblique-angled Plain 
Triangle being: given, to find the other oppofite Angle. 


Example. | 
“In the Oblique-angled Plaia "Triangle ADE, 


Wd Weer Hey} 
Are givens AD=1c4 | ereq, Angles E and D. 
<A 17° 59/ 


| Geometrically, 
2 Draw the Line AE, and fet off upon it 
142.02 equal Parts. 
2. Make the Angle at A equa! te 27° 49! 
by the Line of Chords. 
3. Let AD be macde sale to 104 equal 
Parts. 

4. Join the Points D and E, SBy the Right mie DE, and the 
Tiangle | is made; and the Angles at D and E may be “meafured 
bys aa Line of Ghoxds as ulually. ) 

AE=142.02 The Numerical Solution of this Cafe 
aA » AD= ro4 depends npom the 37% Theor. or 34x. of 
Sum py6on Trigenomerry for having found-the Sem 
Di fier é 350 _ and Difference of the two Sides, fubtra& 
7 od Saarserlar vida bead 180%, ‘and. take: 
 half-the Remainder, which: will be: the: 
ee D. ar co half Sum_ of the unknown Angles (by 
Sore 2 re AL SQ the 4th’ Prop Yaadsit wit: ees ere 
Sam<sD. and Ei=152 O% es “a TURSGUH EE) 
» halt Som —<s==- 76,00 S1g Ott 
AstheSamo eager Sides AE ancd-AD: i ont mbit 3: 25909764 


Be i a wr f half the Sunt of t ihe ee at 60 8 
D and B= 76° co’ 30" Paneer . eb io 10. 0349 I 


soy Ce aemmdt. Uinw" a3od ote d. =o 
Le the Tangent of 2 their Difference, or the Difk 8 
: of cither of them from the 3 4 lee a 231° 48° 28" 9. 792539 om 
as ‘, ‘SeerencoaY 
Now 


Trigonometry. 
| ag Now 


j PawF  * = A 
my 


To the half Sai" om oo 30 From the half Sum== 76 06 30, 
Add the halt Diff, == 31°48°28 - Take the half Dif. = Bt 48 23° 


Sum greater << D= 107 48 BY Rem, lefler A Sees At 12 02 


we “Cafe V Vv. 


Given any two Sides and the are ContaNe to fos the third 
Side, : 


"4 R 


» 


Example. ae | | 
In the Obliqueangled Plain Triangle ADE, 


AD==to4-- a 
_ Are sen Peay 49" S nie AE. 


4 
+ 


Make AD equal to 104, the haat D equal 
to 107° 49’, the Side DE equal to 70, and 
5 5 NI draw AE, and the thing is done ; and AEF, 
didn ais ve may be meafured as ufual,. | 
| This Cafe eee upon the 4th and 3a 
for its ‘Solution ; that for Yarrisgre? fhall aPPIY the 4th cmp 
pi erry the oe 


ye" 


e 


To the greater Side Ais & 104 - — — — 9.0170333 | 
- So is the Radius. of el I OIOCGaaL 


.. To the Tangent of Hey an n Arch = a 03 23k: — + 101719353 


- 


é DRS Rea tea 


pel ow, 


‘en which taking ie 4 5° 004, "there wil remain nu? 03! 2 23"; 
and it bai be, wert : 


Sa, ee a 
- v4 


“Tego. ; a2 


gy 
a 


As s the Radius Sealed rere 10,c000000 
a Se is ae Tangent o oft the hall San 36° Os" 50! - — ai Sears 


To the Tangent 06 half. ‘tie Difk = s c6' 2 3! —— 9.1 536409. 


a 


ga eriee the: greater Angle E will be 44° 11' 55%, and the leffer 
‘Vena. A equal to 27° 99/05" 5 whence.to find the ai eis it will 


be by the 2d Axiom of Trigonometry, 
As Sct AS. D::DE:AE. That ts, 
As the Sine of the Angle A= 27°.59' 35” Bohr 3914, 


To the Sine of the <[) = 107° 49 its tee 2? 11" 9. 1’ 9.97865 54 
ae Semen —— I 8450980 


Soi 


To the Side AE Faun = a 02 ———--——= 21523620 


een anne 


“I 


Cale vi 
' The three Sides being given, to find the, paics 
Example, | fs ; 


In the Oblique-angled Plain Triangle ADE, 


e AE = 142.02) §<P | 
» Are given< AD = 104 cee 
BE are SGA 


Geometrically at vi 


en Make AE equal to 142, from. adine” 
“of equal Parts. 

2. With 104, the Length af, AID, be ol -riogset 
tween the Points of the Compatfles fetting A. ; 
one Foot inA, with the other: {weep a - 
fmall Arch at D. 
eft L 3. With 


cil a KP AIR oo Es 
a Tar ee ae pn RE TER ye Bp 
-’ 


+ $2 | .: Trigonometry. 


3. With yo, the Length of DE, fetting one Foot in E, with the 
other crofs the former Arch in. D. ~~. mo CONE Seta a em 
4. From the Interfection D, to the Points A and E, draw the 
Lines DA, DE,-and- the Triangle is ‘conftruéted ; and the Ancles 

-may-be meafured-by ‘the Line ot Chordsias ufual.<)) sds | 5 
--But to determine their Quantities by Calcuiation, 

From D. let fall the Perpendicular DP, then will the Triangle 
ADE be reduced into two Right-angled ‘Triangles ADP, EDP, in 
each of which the Hypothenufes AD, DE are given, and the Bafes 
AP, PE, or Segments of the Bale AE, may be found by the.-5th 
Axiom of Trigonometry. Jeviseemoartny satay hasehpe at 

e For, tie | 
As the BafesA E =s't 40.02 a 2.052340 5 


_ 'To the Sum of the Sides AD, DE= 17454 — — 9:9 105499 
~ So is the Difference of the Sides AD, DE = 34 ——~ 1.5314789 


—— 


To AB the Diff. of the Segments AP, PR 41.656 1.6 196986 


Which taken from AE = 142.02 leaves BE = 100.364, the half 
‘of which is 50.182 = PE, the lefler Segment. 

This again taken from AE, the whole Bafe = 142.02, leaves 
91.838 = AP, the greater Segment. 

The Segments AP, PE, or Bafes of the Triangles ADP, EDP 
being thus found, the Angles may be eafily had, by the 6rd Cafe ar 


; ‘ 


Right-angled Plain Triangles. For, 
_ Inthe ‘Triangle ADB it will\ be,” 


| At As the Segment AP ~ 91.838 . 


a i | 
“— m 
< 


arpa qTT arr 6 1.9630224 


- 4% a ee, 


To the Side AD = 104 —— ~~ 9,0190333 
So is the Radius oo tm 10,0000006 


i 
i | To the Secant of the <A = 127° 50’ 11” '——~ 1o.05401 op 
| : 
| 
| 
| 
| 
{ 


tH Re caiee hae aie ae 


Poteet Sa 


weetnen toads REIIDE B2itkario.) 24 io etaie ) sit ac 
 ASEP:ED Rise EK. -Thatisy 


Ri Se ef OF 2ST 


Trggnometry. 83° 
Sek the Segment: PE= = 50.182 .—— + = —— «1.700 5480 


TO the Side DE= E70! bie Petpet LE, 8450980. 
‘So! is the Radius a A AOE Hi Set A 10,0000000 


——s 


‘To the Secant of the Angl on = 4° 12" wr —— 10. ne 5509 


Now ifto the Ganiniciiea: of the Angle AS 62? oc! 49" = ADP 
Be added the prc ees os the Angle: n= Gis aniis3des EDP 

DOORCRC one gael ee 
The-Sum will be li ath lee ea 48qee= AD E 

12, ‘The Angles ‘A, D, FE, ofthe Triangle » --<——~ —-_--—— 
ADE may-be found, if the Perpendicu- 
jar be tet fall: from any other-Angley firps0 2) yiri0) 
pofe A-ofthe,Triangle~ADE upon sthelg no) 
oppofite Side ED produced, if need be, 
for then the Hypothenufes AE, A-D,ofthe 
two Right-angled ‘Triangles AEP, ADP, 
ate giveny and the Bafes LP, DP may bs found, be the ane Axiout. 
of Trigonometry, by fayingy | t 


a : 


As the Bafe ED = 70 eee cest Enea a A 1.84.50980 


To the Sunnof the. two Sides AE, AD 246.02 —=2.3909704 
be: is the Difference of the ts alt yAD = Se polol: SHO01 2k 


ae EB the ae Bafe = ic 133. 64 - espe eH 2: 1258845, 


Fre rom Posich taking scp th phe the Recinaintier 6 a oa will be. DB, 
the -half of whichas DP = ZB TI: the Bafe:of the’ Triangle: ADP; 
whence to find the Angle: D, it. wail bei i ies Oth eee of Rig ht- 
angled Ean "Friangles. == 21)! io 


As PD: R.: AD: Seq, <D “ib hatatc et 23 4 


ut) f 


: AS the ‘external Bate pP shay pili sacra er? I. Selifto 


“4 , ett? } , of CT Ary 
Sth abe ' i re 


) focus th di Bhd hed ig 
+ «a the Ra ius — SSL IO, BCGCCOO 


patois 
et ee” 


aii Esse Be ae wines HF coe APSA 
+; Which 


ig 


peak, “Trigonometry. : 
Which taken- from- #80°.00'; leaves the great Angle D. 107° i | 
4's" rs bes ? 

Again, If te the -external Segment DP = 31 812, be added the © 
Side DE = 70, the Sum 101.812 will be PE, the Bafe of the great — 
Triangle APE; whence to find the Angle at E, it will be by the 
5th Cafe, AS EP: EAL: RJ Sea E. That is, 1 
As the-great Bafe EP 101.812 —— —— —— 2.0077990 


4 
“rT 


Tote Side AB s-tq20ged-ote eerie 2. 1503400 

So is Radius - ee mee 1000000 R mE 
To the Secant of the Angle E = 44° 12’ 077 —— 10.1445 505 ; 
Now, if from the Complement of the <cE = 45° 47’ 534 = <cEAP | 
Be taken the Complement of the <D =17 43 40. s<7DAP4 


The Remainder-will be +--+ 7 59 12=<DAE 
3. After the Jame manner; and by Help of the fifth Axiom, and Sixth | 
Cafe, the Angles may be found by letting the Perpendscular fall 
fromthe Angle EB, upow AD produced, if need be, but this the in= © 
telligent Reader will eafily fupply himfelf. Lots 4 


By the help- of the iff Cor. of the 646 Trigonometrical Axiont, may _ 
any one Angle om: of the Triangle ADE, be more teadily inve- — 
ftigated, after the following Manner, © Rh se . ij 

“Prom half the Sum of the three Sides 158.01, fubtraét_ AB the — 
Side oppofite to the Angle required, and keep the Remainder — 
1.5.19. Then, | | ; 


"To the Arithmetical Complement of AD = 10 t ia 

“one of the Sides containing the Angle seers od 9829667 
Add the Arithmetical Complement of DE =.70, the 

other containing Side basin 


Alfo the Logarithm of the half Sum 1 58.1 — 2.1986846 © 


8.1.549020 


And the Logarithm of the Remainder 1 5.99. 12038485 


ae 


3 ce d Fd 


Half the Sum of thefe four Logarithms ———~—. 19 540qo18 


Will be the Co-fine of 53° 54° 2077 = ! waht 7702009 | 


Which being doubled, gives 107* 48 41%, the Auigté D require ia 
ih Mh Them 


hy 


Trigonometry. 

The Angle D being obtain’d, the Angles A and E may be found 
“by Cafe the tft. | ra 

5. By the Help of the fame Axiom may the Angle D be invefti« 
gated, after the tollowing Manner, 

As the Log of halfthe Sum of the three Sides 158.01 2,1986846 


To the Log. ofone of the cont. Sides AD 104 —— 2.0170333 
So is the Log. of the other contained Side DE70 — 1.8450980 


———y 


'To a fourth Logarithm -———---— —— _1.6634467, 


a rl 


As this fourth Logarithm ce ————- 1,66 34467 
Ts to the Logarithm of the Remainder 15.99 ——— 1,2038485 - 
So is the Kadins ——= 10,0000000 
To a feventh Logarithm ee 0 5404018 
To which add the Radius —————= ————._ 19.0000000 


paceman 


Half that Sum, viz. ———~- -——— —— 19.5404018 
Will be the Co-fine of 53° 54° 20" £ = 4 <—D ——— 9.7702009 


Therefore <D = 107° 48’ 41”. 
6, By the Help of the fame 4xiom may any one Angle, fuppofe 


‘A of the Triangle ADE, be readily found after the following 
Manner, / | 


eisthe Log. of the greater of the 2 cont. Sides AE 142.2 2.1523495 
8 9 


To the Log. of half the Sum of the three Sides 158.01 2.1 986846 
So isthe Log. of half the Sum leflen’d by BC = 98.01 ——~ 1.9445320 
‘To a fourth Logarithm —=——<—= 1.990867 


TRS gem OT 


Again, 


Trigonometry. 


* 


| Pert Sete MRA atasg eae ea i a 
As the leffer of the two contained Sides AD=104—% 2.01703 33 


#7 : t 3 . oa 


To the fourth Logarithm oo Di ee 1.990867 
So is the Radius — ee ee eras 1 O-COI0000 
) Toa 7th Log. to which add the Radius esas 9.9738338 
Half that Sum will ne ae of 13° 59) 3504 : ae 9.9$60169 


Which being doubled gives 27° 59° L1"y,the Angle at A, . 


7. By the. Help of the fame 6th Axiom, may anyone: Angie, 
fuppofe E. of the Triangle ADE, be inveitigated after the follow- 
Manet os9 : sinctum OG SOS 48 Sn Cee Oe ee 

_As the Radius —— — — \omeenent <= 1,0000000 


‘Ko the Log. of one of the contained Sides AE, 142.2 2.1 523405 ; 
So is the Log. of the other contained Side DE = 70 .1.8450980 


+* ie op Prints 


To a fourth Logarithm as Neg. ,6.002.5525 


As that fourth Logarithm =——=s c ls ren 5525 
To the Log, of the half Sum 158.0f "== "9.986846 
» So is the Log. of the Remainder, 54.02 ——= r+ 17324742 


ror s : 
vq bays 
“ey 


- 19.0357E12. 


Halfthis Sum will be the Cosfine of 22°; 06:03" £2 s. 919668 550. 


é 


To ath Logarithm, to which add the Radius 


The double of which 44° 12.07" wilkbe'thé.< at'E required, 
; ' , : i easithe. ie ake ey 
_“Lhere are various other Ways for the refolving this, as well as 
the former Cafes, but .thefe I have fhewn:are more than {uficient 
{or the. Purpofe. 
ach of thefe three laft Ways may be made Ufe of, for finding 
the Angles by Gumter’s Scale; for if you extend the Compatffes 
from the firft tothe fecond, €c. againft the feventh Sine will ftand 
the Verled Sine, which gives the Angle required, 


Suppofe 


a 


Trigonometry. ? 87 


.»Suppofe it.were required to find the Angle D, by Extention, 
according. to,the filth Rule, proceed’ thus; extend the Compafies 
from the half Sum (upon the Line of Numbers) to one of the con- 
taining Sides (fuppcfe AD)-the Extentswill reach from the other 
containing Side (DE) to a fourth Number. 


Extend the Compaffes from this fourth Number to the Remain- 
der upon the fame Line, the fame }xtent’ will reach from the 
‘Veried Sine 00 Deg. tothe Angle required upon the fame Line of 
Veried Sines, and fo for any other, 


N, B. Before the Reader enters upon the Navigation, I would advife 
hint to read over, aud be well acquainted with, the Circles of the 
Sphere, theDefiuitions of which he will meet within the third Part 
of the Book, 


A 
SY SUE Ee 
OS RS 


Sr ee a An ee ee 


‘ Puce ; 
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ofNAVIGATION. 
Ant) oa eR eas 


Se 


‘nduftrious Mariner how he may conduct his Ship the 
{horteft Way, and in the fhorteft Time poflible, between 
any two Places affigned in Paflages Navigable, | 
If the Places propofed be at no gfeat Diftance, but fo that a Ship 
may fail within Sight of Land or Soundings, as between England, 
Holland, France, &c, it is more properly called Coafing ; tor thé 
Performance of which, there is required only the Conipa/s, Lead, 
or Sounding- Line; and a competent Knowledge of the Nature of 
the Coafts. ~ | vh Ave 
But how to condué a Ship through the wide and pathlefsOcean, 
where nothing is to be feen for a confiderable Time but Sky and — 
Water, is the proper Bufinefs of Navigation, and fhall be the Sub- q 
je of the enfuing Treatife. <i 
For the due and regular Performance of which are requifite, 
1, A true and perfect Knowledge of the Diftance and Scituation — 
of the Places, as to the Latitude, Longitude, Courfe, &c. | 
>. Initraments for Directing and Meafuring the Ship’s Way and © . 
Courfe fteered, fuch as the Log-Line, Half Minute Glafs, &c. i 
3. Inftruments for making Coleftial Obfervations, {uch as the — 
Duadrant, Fore-ftaff, Azimut b-Compafs, &c. to meafure the Heights, — 
Difances, and Azimiuths of the Su# and Stars, for finding the Hour 
of the Day and Night, Alterations of Latitude, and correcting the ~ 
Courfe, together with Charts or Maps tor pricking down the Ship’s — 


Way. 4 
ee } | 4A 


Tie great End and Bufinefs of Navigation, is to inftruct the 


| Navigaizon. 86 
4. A competent Knowledge of the Nature of Currents, of the 

Mould and Trim of the Ship, and the Sail. fhe bears, that fo due 

Allowance may be made for Lee-way, 9 . 

5: Skill in the Navigator, fo that by the Flelp of thefe he may 
be able to know at all Pimes the Place the Ship ts in, how far the 
hath to fail, and which Way, or upon what Courfe, to gain her 
intended Port. 


For the obtaining of which there are generally given, 

t. The Latitude and Longitude, both of the Place you are to fail 
from, and of the Place you are to fail to; by the Help of which 
may be found, | 

2. Upon what Courfe, and how far the Ship mutt fail. 

3. The Account of the Ship’s Way obtain’d, by the Log and 
Compafs. . | se ph 

4. The Latitude of the Place the Ship is in by Obfervation, 


How to order, and manage thefe, fo as to give Solutions to the mo/t 
- ufeful Nautical Problems, jball be fbewn hereafter, and to render 
them as eafy as may be, is neceffary to explain the Terms made 


wf of 


ef. 

1. Latitude is the neareft Diftance of any Place from the Egua- 
tor, and is meafured by an Arch of the Meridian, intercepted be= 
tween the Place and the Equator, and therefore can never exceed 
go?, and takes its Denomination according as the. Place is feituated, 
either to to the Northiward or Southward of the fame, 

_ Wherefore, all Places that lie at the fame Diftances from, and 
on the fame Side of the Equator, are faid to lie uader.the fame Pa- 

rallel of Latitude. | iii : ee 
“GOrdh ~ ‘Whence it follows, 


1. That ifa Ship fail from af Not Latitude discetly 5 North 


Latitude jatt fo much as is her Diftance fail’d, 


' f Wherefore, . | 

- < Hit be reduced into Degrees and Minutes (by allowing 60 Miles 
to a Degree) and added to the Latitude the Ship failed trom, the 

Sum will be the Latitude the Ship is in. 


(which is ftiled Sailing under the fame Meridian) the inereafes her 


M | Example, 


wh 


90 Navigation. 
tere jo. Example. iis avd 

_ Ifa Ship from the Latitude of 34° 30’ North, fails 144 Miles di- 

rectly North, and it be required to find the Latitude the Ship is in, 


“To the Latitude the Ship fail’d from —— 34° 30! N. 
Add the Diftance failed reduced 2 24 Nly. 


‘The Sum will be the Tatititde the Ship is ia la sie 36 54. N 


Se 


2. Ifa Ship fail from a SME Latitnde direatly 4 0 
the decreafes her Latitude juft as much as is her Diftance fail’d. 


Hight Wherefore, Be OAS: lai 
Tf it be firft reduced and fubtracted from the Latitude the Ship: 
fail’d from, the Remainder will be the Latitude the Ship is in. 


ee ie . Example... bl ak dal 
_Ifa Ship from the Latitude of 34° 30’ North, fails 144 Miles. di- 
reclly Sourb, and.it be required to find the Latitude the Ship is in. 


From the Latitude the Ship fail’d from ————_——-. 34° 30’ N. 
Subtract the Diftance fail’d heres gtr seeryren oes. Sly. 


oe ee 


“There remains the Latitude the Ship is fn 32 06 ht q 


3 Me afte . y 


If in’ this lat Cafe it fo happen, that the Diftance {ail’d be more 


than the Latitude, the Ship has crofs’d the Egainocdtial Line, and — q 


as the Sailors ufually term it, depre/s’d one Pole, and rais’d the 
other; and the Exxécfs-of the Diftance fail’d above the Latitude, is 


the Latitude the Ship is in, the contrary Way to what it was” q 


x, 


before. _ 


atin ky Soe Example. . a4 er 
If a Ship from the Latitude 1° 20! South, fails directly North, un=_. 
tiher Diftance fail’d be 197 Miles, I demand the Latitude the ~ 
rom the Diftance fail’d reduced +—— Egat iris ah 
Snbtra&: pont <> § fail’d from —— 1. 20 i 
Remains phe paetace ihe pts’ ASD cee apes meme EST de 


% bs a : Def. 


a 


ee ee + a Z 
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BD ye Lo * busin ; | 
Difference of Latitade, is the neareft Duftance of two Places lying 
under the fame Meridian, or the neareft Diftance of the Parallel of 
Latitude’ pafling-through the famc, and is found, ~~ °*° «* 


- 


If the Latitudes aretheS 2° UL. way by J alding eb the lefler 


. tcontrary § 
from? 
tto at eet. Example t. 


Let it be required to find the Difference of Latitude between 
the Lizard and Cape St. Vincent. 


adding 


. 


From} ; cute pyeysl A 9 Bsn add aa 502 00’ N 
i Take $ so AER of) Cape St. Vincent —-—~~ 37 00 N 


lee eeemmee ne 2 
\ 


’ ‘The Remainder is the Difference of Latitude —~< 13 00 


| a Example 2. 
Let it be required to find the Difference of Latitude between 
Cape Mount and Cape St. Augufline 


FoF fe eee Cape Mite ee 20 sa — 5° 23'N 
Ada pthe Latitude of) C7 St. Augufline ———— 8 25 § 


The Sum is the Difference of Latitude rr slats 13 48. 


“If the Latitude of one Place be given, and the Difference of La- 
titude between it and a fecond Place, to find the Latitude of the 
fecond Place. 


Ti the Latitude and Difference of Latitude are both the fame 
Way, that is, both Northerly or both Southerly, .. th LA 
“To the Latitude given, add the Difference of Latitude made, . 
and am sum will be the Latitude required, sa ice oh tid 

Ries. Example. | 

_Suppofe a Ship from Cape Verde in, the Latitude of 14 Degrees 
43 Min. North, fails North Haft until her Difference of Latitude:be: | 
SEE Prana Mreeek hae e vet Hea FeLi | 
_ Lo the Latitude of Cape Verde +~——————__. 14° 43'N - i 
Add the Difference of Latitude made ——.. 4.40 Nliy. 


1 i Lhe Sum is the Latitude the Ship is in — 10123 WNP 
oi M 2 3 If 
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Ifthe Latitude and Difference of Latitude are contrary, that is, 
if one be Northerly and the other Southerly, then, | : 

From the Latitude fail’d from, take the Difference of Latitude 
made, and the Remainder will be the Latitude the Ship isin. 


Example. 4 
Suppofe a Ship from Cape Verde, in the Latitude of 14° 43’ Nort, 
fails South Eaft until her Difference of Latitude be 4° 40": Then, 


,From the Latitude of Cape Verde -—~——. 14° 43'N 
"Take the Difference of Latitude made ————-— 4 405ly., 


‘There remains the Latitude the Ship isin ——- 10 03 N 


senencomtt easement 


Tf in this laft Cafe, the Difference of Latitude exceed the Lati- 
fude fail'd from ; then, from the Difference of Latitude made, take 
the Latitude the Ship fail’d from, and the Remainder is the Lati- 
tude the Ship is in; the contrary Way to what it was before. 


ye" sar Se nN ATE ee ~ 
Suppofe a Ship from the Latitude of 1° 20’ North, fails Sour 
Eaff antil her Difference of Latitude be 1.90 Miles, or 3° £0’, and 


it be réquiréd to find the Latitude the Ship ts in. © 


ie) 


From the Difference of Latitude reduced —— -3° 40! Sly. 
Take the-Latitude the Ship failed from’ ————— 1 20 N 


“There remains the Latitude the Ship isin ——.1 50 9 1 


De 8s Oe sie gigi : . e- ) 
"The Longitude of any Place upon the Earth, is meafured by an 
Arch of the. Equator, intercepted between the firtt Meridian, and 
the Meridian pifling through the Place propofed, or it is equal ito 
the Angle formed by the two Meridians, hia. as 


Def. 4. | he + . 

Meridional Diftance, or Departure, (which are {ynonymous Terms. 
in Plain Sailing, founded upon the Plan Chart, whofe eflential Pro- 
perty is, that the Meridsans are parallel to each other, and the Deo 
grees of Longitude in every Part equal amongft themfelves, or to 
eachother 5 and to the Degrees of Latitude, which are each con- 
ftantly reprefented by the fame ftrait Line) is the Diftanee of any — 
. two. 


Navigation 63 
two Places lying under the fame Parallel, or thesDiftance of the 


Meridians paffling through two Places lying under different Paral- 
lels, number’d in Degrees or Miles of the Equator, 


Def. 5. ee 

For determining the Cour/é of the Winds, and to difcover their 
various Alterations ox Shi/tings, the Horizov is ufually divided into 
32 equal Parts, by Lines drawn from the Place whercoa the Ob- 
ferver ftandeth, (forming Angles with each other Gi srelsspo., 
or 11° 15’) the four principal ofwhich take their Names from 
the Places:to which they tend, w/z. that which extends itfelf 
under the Meridian towards the tes : is called ; th see , 
which-is on the right Hand when the Pace is directed North, 
and-at Right Angles to the Meridian Eaft, and that which extends 
itfelf the contrary Way Ve. ‘The others having their Denomina= 
tions compounded of the principal Lines which are on cach Side of 
it, as may be feen in the following Figure: And over which foever 
of thefe Lines the Cour/e of the- Wind is directed, that Wind takes 
its Name accordingly. “And fince if we move never fo little to the 
Eafiward or Wefiward, we come under a new Meridian , and for- 
afmuch as alithe Meridians muft mect in the Poles, (accord- 
ing to their Nature) it follows, that the Eaff and Weff Line in 
the laft Place will not be parallel to the Eaf and Wef Line in the 
firft Place, but alittle inclined to it, and confequently the other in= 
termediate Lines in each Station will be inclined to each other, 
(fincé they always form equal Angles with the Meridian.) 

Now, If the Diftances of the Meridians be infinitely fmall, the 
‘afinite fmall Parts of thefe Lines, (proper to each Alteration of La- 
titude) each with its correfpondent Part, will form Curve Lines 
upon the Globe, which Lines will form equal Angles with all the 
“Meridians, and are the Rhumb Lines defcribed upon the Globe: 
And the feveral Paths of a Ship that fails according to the Di- 
rection of the Compafs. 


Def. 6. | 
The Compafs is a Circle made to reprefent the Horizon, and 
divided‘into 32 equal Parts, by Lines drawn from the Center to 
the feveral equal Divifions of the Circumference, reprefenting the 
feveral Rhumb-Lines upon the Globe, and by touching the a 
: pafle 


that 


04 _ Navigation. tek 
afled on the Back-fide with the Magnet or Load-ftone, a certain 
Vivid: is infufed into it, which makes it always tend to, and han 
nearly parallel with the Meridian, and therefore of great Ufe for 
directing and determining the Ship’s Way, and difcovering the 
Courfe and Alteration of the Winds, ota | 


LAY BAIR 
/ Yd ‘Gi AN 


y 


doer, o. cw 
The Cour/e is the Angle with the Rhumb, upon which the Ship: 
has ‘or muit fail, makes with the Meridian; fo that if the Ship fail 
upon the.fecond Rhamb, or N,N. E: thé Lowr/é is 22° 30's and fo 
for any other, as in the following Table, ; ue 


Atable 4} 


fe Navigation, | 95 


iE lable of the, “Angles white ever “y Khumb (or Poti 
of the Compas) minke th with the Meridian. 


dys 


D. MiNORTH| sourH . 


| 
E 


NORTH.| SOUTH.| = 


fs i 402.49, 
) APoon 3}d> 374 
7 68 26) 
North byEaft|South by Haft; [ir 15 N.-by W, S. by W 
HP Sa -04\- ; nO 
. Eo AO. §2 
1 =H Q:} 41 
Deo Py agit dae pO ONeN, Woe SAQA? 
dea k S-hO) i 
28 o7 
N. N. 29° $30 55 rh 
i Eby SE, by 8. Bre 5 Ba 45 451 IN, W. by Ne S. W. by § 
| DRE MERAPY (os godt sf) ePysd violin 
‘ | 3 139 Gis 
3.442 FI 
North Eat South 1 Eat 4 4) Lbs 00 00; North Weft! South Wet 
ia a a7 AD. epee get 6 
2/5? 57 *z 5 
: a 53.26). . 
N, NEsby Bh S Ebr 2 5 {56 50_15N.W. by W. 
TRY aoe Y ha 54159 oF bay 
fee hs Ween 5 er be 
; 5-5 Ay be 
EV NUE Peo Fey ase 
| ce oe ae 
aveeey ele bigs oe h7 348 OF) CHR 
b 0 475 56 | | 
= Nona Son 70-178. 45° Weby N. 
: Dae bay TPs learsiiga| eT 
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Corl. . 

Hence it is plain, that if a Ship fail between the Meridian and 
the Ea/t or Weft Line, the uiters both her Latitude and Longitude, 
and that more or lefs, according as the Rhumb-Line upon which 
the fails is nearer to, or farther trom the Merédian; and in order to 
determine the juft Quantity of each, we fhall premife what is abun- 
dantly maniteft from waat has. been faid upon this Subject» —- 

That the Difference of Latitude, Diftance failed, and Departure, 
form a Right-angled ‘Triangle, the Cour/e being the Angle oppo- 
fite tothe Departure ; and therefore from any two of thefe, how to 
find the reft (by the Help of Trigonometry) thall be thewn-ia the 
next Section. 

Rut before we conclude this Se4ionv, it may not be amifs to give 
fome Account of the Method ufed by our Seamen for meafuring 
the Ship’s Way, or how far fhe runs in any known Time, which 
it done by the Help of the Log-Line and Half-minute Glafs. “Vhe 
Leg is only a Picce of Wood, which being tied to a Line and cafk 
over-board, and the Line veered out as faft as the Log will carry 
it away, or rather as the Ship fails from it, fhews, according to the 
‘Limes of its Veering, by the Help of certain Spaces called Kuots, 
(which begin at about ten Fathom from the Log, that fo the Log | 
may be out of the Eddy of the Ship’s Wake) how far the has “7 
failed, and confequently her Rate of Sailing. , 

And therefore to determine how many Miles fhe fails tn. an Hour, 
the Diftance between Knot and Knot ought to be fuch a proportio- 
nal Part of a Sea Mile,(60 of which go to a Degree of the Meridian) 
as Half a Minute, the Time allowed forthe Lxperiment, is of an 
Hoar, whichis +}. 

Every Degree of the Meridian contains (according to Mr. Nor- 
woods Obfervation,with whichthe French nearly agree) 69.54 Evglifb 
Miles, cach Mile being by the Statute 1760 Yards, or 5280 Feet. 

So that a Degree of the Meridian contains 122400 Yards, or 
367200 Feet. | 

And confequently the true Space between Knot and Knot ought 
to be 51 Peet. a 

So that the Diftance between each Knot being the fame Part ofa 
Sea-Mile, as the Hal/-minute Glas is of an Hour, it follows, that 
fo many Knots as fhe fails in a Half-minute Glafs, fo many Miles 
the runs in an Hour, 


But confidering that the Ship’s Way is really more than is given 


by the Log; and that it is more fafe to have the Reckoning fome-= 
thing 


7 = ‘ar 4 Es — ro ee oe ee ee er eee oe. : =. al 
ST ERE RTS aR ees SE Ro gaia ie eae a eA 


Lath 


thing before the Ship, it may not be amifs to leave out the odd 
Foot, and make the Space between the Knots, as Mr. Norwood has ° 
done, to be 50 Feet exactly, tho’ our Seamen make the Diftance 
but 42 Feet, thinking that 60 Englifb Miles make a Degree, and 
by-common Experience,” have been forced to leffen the Half>minute 
Glafs about five Seconds, which is but really correcting one Blun- 
der by another; and it were to be with’d, that-they would ufe the 
former Method, feeing-it~is in every refpeét’as eafy, and much 
more fure and certain, | 


—o « ni nen 7 PAL be WESTER ou! 
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Containing the Solution of the feveral Cafes of Plain. 
“Sailing, relating to a Single Courfe. 


Se | Cafe 1. 


NE Latitude, Courfe and. Diftance failed being given,°to find 
_4 the other Latitude and Departure from the Meridian, 


Example. AVENE SHMSOT 
If a Ship from the Latitude 50° 00’ N. fails S. W. by S. 57.5 
Miles, and it be required to-find’ what ‘Latitude fhe: is in, and 


“how far fhe hath departed from her firtt Meridiamac 0) Sons 
gijildie 1/t Geonietrically, J 
Let AB reprefent the Meridian, A the Place eet 
fhe departedsfromi:({ o:.' 6% yA todto Isxovsh bas 
- 4. Make the Angle BAC = 3P = 33°.45%. 
-. 2, Continue AC till it/be: equal to the Dif) 0. 
failed 57,5 Miles, and tet fall the Perpendicular 9. + 
CB; then will C be the Place the Ship isin,CB.° - 
” the Departure from the Meridian, and AB the 
Alteration: of Latitude: To (find cither of 
which Arithmetically, tho’ there are three fe~ 
veral Ways, yetin this-and the following Cafés, o>: 
~ we fhall. make ufe of one only, and of that ¢~ 
which is moft ready for ina 


jena Fa A 
. 
. * aya vy bey 
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~y. To find the Departure from the Meridian, it will be 
; RAC! : 8, <A: CB, by Cafe rhe 3d of 8 ; 
the ft. "That is, a og ai 


‘ A 


As the Radius —— ss ail Sc — —— 10.0000006 
To the Diftance failed 57.5 ——- —~- ——-—————._ 1.756678 
So is the Sine of the Courfe 33° 45’ — | tr 0-74.47 300 


To the Departure 31.95 Miles —— an Shee 1.044068 
: aes is the Ship to the Weflward of her fir Meridian. 


2. To find the Difference of Latitude, it will be, 
R:AC::s,<¢ C: AB, by Café the 34 of Se. the 6th of Part 
phe ift. That is, . a Wie Woe , 


As the Radius. eres 


Cee 


To the Diftance failed 57.5 ee 1..7596678 
So is the Co-fine of the Courfe 33° 45' —~————._ 9.9198464 


To the Difference’ of Latitude 47.8 — 2.67951 42 


3. To find the Latitude the Ship is in, becaufe fhe failed to- 

wards the Fguator. © m ; : 
Prem the / 2 alist 11 doo fail’d from) 50° oo’ N, 
Subt. the Difference of >Latitude the< hasmade So +48: fete” 
There remainsthe. . Yo 


By reafon fometimes of the Unfteadinefs of the Winds, Swelling 
of the Seas, unknown Currents, fetting with or againft the Courfe 
of the Ship, and feveral other Accidents, the Eftimate Diftance by 
the Log is viciated; and’ confequently the Difference of Latitude 


and Departure thus found ‘is naught, and not to be relied on. "The 
Navigator muft be fore therefore, fo foon as the Sun or Stars ap=. 
pear, to find the Latieude by Obfervation, according to the: Di-_ 


rections in the latter Part of this Treatife ; which if tonnd to dif 
agree with the Latitude deduced by this: Cafe, the Difference 'be- 
tween the Latitude you departed from, and thelaftobferved Lati+ 
tude, muft be takens And with this true Difference of Latitude 
and the Courfe, find’the Dittance and “Departure by the follow- 
ing Cafe. 3 sOLATS TONY 4% t SEU 
ey ahs og A Cale 


c#. the Oth of Part 


a; 
{ 
| 
} 
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PER OROT TL Sapp rono 


“The Conrfr and Diffetened of Latitude ag Blvd, to find the 
Diftance failed and Pepateure 


| af pe j 
A Ship | ane the: iatiate 50°. col N, fails SW. by S. until the 


be i in the Latitude ae 08’ N. I demand the Diltance failed and 


palienes from the 


~ Becaufe the Ship fails from a North Latitude Southerly, 


From | from —— 50° oo’ N 
~Subtradt tHe Latitude the Ship failed J 700" aii oN 


idian, 


There remains the Difference of Latitude ————=-——-. 0 52 
Therefore, 


, Geometrically, 


t - Make AB equal! to- ae Difference of 
~ Latitude 52, and raife the Perpenicular BC. 
“"9. Make the Angle BAC. equal to the | 
Courfe 33° 45’, and continue AC till ic. 
meet the Perpendicular in C; then is AC | 
the Sef failed: To. find which, ape 


Avitluneiitally. sii 
It i be sy < atC: AB:: R: AC, Os 
Café the 24 of +00 a ae oo Part the iff, ce 
That i is, 


As the Co- fine of the Coutfe 3 3° ag te 99198464 
To fhe Difftrente of Lastitdes Dnt sy es 
Soi As the Radiua i kal a _camek 9G ee 


a 


od 


ae the Distance: failed 62.5 54 Mites re arap ——v= | J 796 1559 


But to find the Departure it will be; R: AB: it, < A:BC 
by Cafe the sft of Saft the St Par tho tf, That is, 


ods As 


Ido 4 Navigation a 
As'the Radius ———-— ————— _10,0000000 


© To the Difference of Latitude 52 —~ ——— 1.7160033 
$0 is'the Tangent of the, Gourfe: 33°, 45’, ———— ,9:82.48926 


f (ap ES eae SET) 


To the Departure 34.74 Miles os i 54089 59 
And fo much is the to the Weflward of her firft Meridian. 


ee "Cafe TT” 


The Difference of Latitude and ‘Diftance failed being given, to. : 
find the Courfe and Departure from the Meridian, © 


A Ship from the Latitude, 50° 00! North, fails between the South 
and the /Veft, until her Diftance, fail’d. be 57.5 Miles, and then by 
Obfervation is found to be in the Latitude of 49° 10’ North; I de- 
fire to know her true Courfe and Departure?- 5) on 


; + 


Prope PF uparidee ict sce oo Ne 
Take the Latitude the Ship failed 5 into - 49: 10 N. 
There remains the Difference of Latitude — oO 50 

nme OEE“ N eieoeres racially s ei 3m 


1. Let AB be made equal to the Diffe- 
rence of Latitude 5o. 2 | 
2. Becaufe the Courfe is Southwardly, on — 
-B raife the Perpendicular BC. . 
3. With the- Diftance failed between the © 
Compafies, fetting one Foot in A, the Place 
_... departed from, with the other crofs the Per- — 
pendicular in C, which is the Place the Ship 
is in;:and therefore the Angle BAC is the ~ 
direét Courfe: T’o determine which ~ a 
ad Mritb- 


; mi) Navigation | é iol 

is + Arithmetically. : 

It will be AC: Rui: ABs cs, <A, by Café the Oth of Sed. the Ore, 
- That is gary ae | 
As the Dittance failed 57.5 ————.———- ——- 1.7596678 


“3 ‘To the Radius — — —— > ——_ 10,0000000 © 
So is the Difference of Latitude 50 ——- —-—— 1.6989700 


., To the Co-fine of the Courfe 2035.4 Amo 9-9393022 
_ Which, becaufe fhe failed between the South and the Hé/f, is 
§.S.W.7° 5) 5 Weferly. 
; Now to find the Departure, it will be, 
R: AC: 3s, <A: BG, by Café the 3d of Sec. the 6th of Part the ft. 
That is, bien Ong 
>. fAs-the Radius 


"To the Diftance failed 57.5 ———-—--—-—_ 1.7 596678 
So is the Sine of the Concur Ss) auc 9-693 5669 


To the Departure 28.39 Miles Vefterly ——~——— 1.4532347 


If the Difference of Latitude and Departure between the Ship 
and any other Place be known, then the following Café is of great 
- Ufe for determining the Rhumb upon which the Ship muft fail, 


and how far. 
Cafex1Ve: 


The Difference of Latitude and Departure being given, to find 
the direét Courfe and Diftance. 
thr . Example. 

Admit a Ship in the Latitude 40° 10’ North, is bound to a Port 
in the Latitude 41° 02’ North, the Departure between the Places 
being 33 Miles Ea, I demand upon what Courfe, and how far fhe 
‘mutt fail to gain her intended Port ? : 

From : . Fis bound to ———= 41° o2/N. 
Take ythe Latitude the Ship sited from ——— 4o 10 N. 


pees 


Geo- 


+ 


There remains the Difference of Latitude —-——-—-_ 9-52. 


OR te ie ne 


Navigation. iia: 
: Geometrically, 
ference of Latitude. sd 

2. Raife the Perpendicular BC equal to 
the Departure 59 Miles; then is the Angle 
BAC the Courte: To find which, - 


Arithmetically. . 
It will be BA: R. 2: BC: t, <A, by Café 
the ath of Se, the Sth of Part the 1/1. Thatis, 


As the Difference of Latitude $2. —-—————-—. 17160033 
To the Radius —~———-~—--——--—-~ ——.. 10,00d¢c0d 
So is the Departure 33 SAS MEMENTO ERT CK oes 1.5185139 


To the ‘Tangent of the true Courfe 32° 24°53 ——— 9.8025106 


Which, becanfe-it is between the North and the Eaft, is N. E. 
by N. 1° 20'2 Northwardly, or N.N. E. 9.54 4 Eafwardly, | 


2. To find the Diftance the Ship muft fail, it wili be, | 
8, <A: BC::R, AC, by Cafe the 20 of Sef. the 6th. That is, 


As the Sine ofthe Courfe 32° 24’ — —— ———_ 9.7290219 
To the Departure 33. ————--——- —- ——_ 1.5195139 
So is the Radius ————-—-——- —_.—-——-- 100060000 


To the Dittance the mutt fail 61. 59 riba 5 1.7894921 


If for want of a perfect Knowledge of the Latitude of the Place 
you was to fail to, you miffed the fame, but made an exaét Efti-. 
mate of the Diftance failed by the Log; then may the Latitude of 
_ the Place the Ship is in, and the Courfe the has failed, be exaétly 
known by the following Ca/é, | 


on 


+ 


Cafe) Y. | 
The Diftance ran and Departure being given, to find the Diffe- 
sence of Latitude and Courfe. Examples 


ae 


be ea Se ae BS a BE RE 


~t, Make AB equal to 52 Miles, the Dif 


pal a Peg 


» 
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oe | Example, 
A Shi pas the rgtitucte 40° 10' North, fails between the North 
and the Ea/t 59 Miles, until her Departure ‘be 33 Miles; I demand 
the Courfe fhe has failed, and the Latitude fhe is in? 


Geometrically. 
phe Having drawn the Meridian BA, pa- 
rallel to it, at the Diitance of 33 Miles the 
Departure, draw the Meridian CD. 


2, With the Diftance failed 59 Miles, be- 
tween the Points of the Compafies, fetting 
one Foot in A the Place departed from, with 
the other Foot crofs the Meridian CD in the 
Point C, which will be the Place the Ship 
is in 

3. “From Clet fall the Line CB erpendicular to AB, then will CB 
be the Departure made, and BAC the Angle of the Courfe ; ; to find 
which by Calculation, it will be, by Cae the 6th of Seé. the 6th of 


Part the if. 
“As AC: R,::EBC: S, Angle A. That is, 
As the Diftanee failed 59 —— —= ——~= ——-— 1,9708520 


iy the Radjus ——————- —- ———- —— ——_ 10,0000000 
Soi is the Departure 33. 9 1.5185139 


et 


_ To the Sine of the direét Chore Bato! Boe 9.7476619- 
Orn. E. by N. 0, 15 Eafterly, 


To find the Difference of Latitude paade, it will be, by Cae the 
afl f * 2 the 6th of Pars the wf, | 


med Ae em AS BCs Rs; AB. That is, - 
“As the Taticent of the Courfe 34° OO! mes ee ~ 98291295 


Or the Departure 33 anne as | 8.5139 
$8 Soi SER odie eg ek a OOEO 


‘4 WTS the Difference of Latitude 48.9 — nas | sa ley 
ows 


pit eked! ~ oY ay yy ut 7; * 
et on, hae i omar a ee ees 


rogue ee Navigation. Mirth | 
Now, to find the Latitude the Ship is in, becaufe the failed from — / 
a North Latitude Northwardly. — A Ril: "Pet pease eee Mae WA 
-'To the Latitude fhe failed from’ ———»—--—-—-—- 40°. 10" N, 
Add the Difference of Latitude made —-——-—- 0. 49 fere. i 


eer 


The’Sam is the’ Latitude the Ship ts in’—"5}-— 40 $9 N. 


If the Diftance run, eftimated by the Log, be not fufficiently 
exact, for the Reafons given in Ca/é the iff, but you are well af- 
fared of your Courfe, then by the following Ca/é may be found the 


trae Diftance failed, as alfo the Latitude the Ship is in. 
Cafe VIL 


One Latitude, Courfe and Departure being given, to ‘find the 
Latitude the Ship is in, and her Diftance failed. ree 


Example. a 

A Ship from the Latitude 4o? 10' North, fails N.E. by N.4 — 
Eaftwardly, until her Departure be 33 Miles; I demand the Di= 

ftance failed, and Latitude the Ship is in? . | 


iC Geometrically. a 
1. The Angle of the Courfe BAC being 
made equal to 3P ¢, or 36° 34’. : 

a. With the Departure 33 Miles, draw 
DC parallel to the Meridian, till it meet 
: AC produced in C, then will C be the 
| Place the Ship is in, and AC the Diftance 
= = failed. To find which . Pa 


‘ 
e 


Numerically, or by Galcislation, | | 
By Cafe the sft of Sed. the 6th, s, SA: BC::R: AC. That is, 
As the Sine of the Courfe 36° 34 ———_ 9.77 50697 


SS 


To the Departure 33. -————«——=$ $s 1.5185139 _ 
So is the Ractius cory oon en ass tele | 


To the Diftance failed 55.39 Miles ———— mmememe 1.7434442 fi 
. s f i But — 


* 
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But for the Difference of Latitude, it will be, by Ca/e the 1f of 
Sed. the Oth, tf, <A: BC::R: AB, ‘That is, 

As the Tangent of the *Courfe 36° 34° = 9:87026 53 


.'To the Departure 33 ——~ ee 51 851 39 
‘So is the Radius a es 10,0000000 


To the Difference of Latitude 44.49 — ——~_ 1.6482486 
> Betanfe the Courfe is Norrberly and the Latitude North, 
To the Latitude the Ship failed from ‘—~— 40° 10'N. 

Add the Difference of Latitude made 4A ¢ 


4 


“The Sum is the Latitude the Ship is in — 4° 543 N. 
~ 1f the Departure given be not fo true as it ought to be, and be- 
ing well affured of the Courfe and Diftance run, the Place the Ship 
is in may be gotten by Caf the 1ff of this Section, and then the 
— Courfe, and Diftance fhe muft make by Cafe the 4th, 


Scho 1. AL. 


. "Being the Application of the Doétrine of Rigbt-angled Plain | 
. Triangles to the Solution of a Traverfe, or compound Courfe, 


Traverfe, or Compound Courfe, is, when a Ship upon the Shift- 


fy ing of the Winds, fails upon feveral Courfés in any {pace of 
PhdMee 6 ox 


To refolve a Traver/e, is, fo to order and com ound the feveral 
Courfes and Diftances obtained by the Log and Compafs, that the 
- induftrious Mariner may know at all Times the Place the Ship is 
in, and be able to determine -how far, and upon what Courfe he 
‘mutt fail to gain his intended Port. _ \ | | ine, Sta. 
-_Lhall give a Solution of one only, and that the moft general and 
‘ufeful as may be; which being well underftood,. will be {ufficient 
for the Learner’s Purpofe. 00 pdt ou Baik orld 4 
antag * oO Example. 


Navigation. ‘ 


oh Ship being: at Sea in the Latitude of 39° 10! N. is bound toa 
Port in the Latitude 33° 00' N. the Departure between the’ Ship 
nd the Place, being. 180 Miles: W.and: 
y Cafe the 4th, will be SW. by S. 2 
fiance 308 Miles ;. but finding the Wind variable from the S. by E, 
to S. and fo tothe SSW. and W.a {mall Gale and {mooth Wee 

lies upon thefe feveral eae ie the Diftances on a each Coarls 
obtained by the Log, as follows, . 


Larboard Tack onboard, Wind st Eom S, byE E. to ssw. 
SW. by. W..27 Miles, WsWit i W. 30. Miles, W. by S.25 Miles, 
W. by N 18 Miles, 


Starboard ‘Tack on board, Wind fitting from SSW. fe SW. and . 


SSE. 32 rite SSE. 4 Eaiterly 27 Mites, is 
3S. 31 Miles, SSE. 39 Miles, 


therefore. the direct ;Courfe, 
egrees Welterly, and Di- 


i E 4 5 Mile, 


Idemand the Latitade of the Peck the Ship j is in,: ate her Dee 
parture from the» Meridian; as alfo upon what: Conrle, if ee 
and how far fhe mutt fail to ‘obtain her defired Port? 


_ Geometrically. 

Let A reprefent the Place’ the Ship is in, and ASD: the Meee 
dian: Make AD equal to the Difference of Latitude. 250, and. per= 
‘pendicalar therets, draw PD the: ‘Departure equal to 180; th 
P the Port the Ship mut faite, AP the Diftance; and the: Angle 
PAD the Courfes (See the Figure of the Plain Chart. 


. ‘But to find this: lace! of the Ship at the End of the (eve tgh Courfes,. 
1. Draw the SW, by S. Line, and fet off the Diftance 27 ypén. 
¥e,. from A, tobs: which: will bev the Place of ‘the! Ship at ‘the End: 
ofthe firft Counel: ela 
‘9. From 6) draw: dhe: bine He equal to 30, the fecoad! Diftance,. 
ane ‘parallel to the WSW, }-W. Lines ‘then will ¢ be the Place of 
p at the End of the fecond: Courfe! i 
Prom) cdraw ed) ipavallad tothe! W. by 9: Eine, ‘and fe Fi 
sei at 26 Miles, from! ¢ tow, which ice the d 
a the, # nd of the third Courle, . 


Navigation. | 10% 
- And proceeding in/like manner, by drawing Lines from_the; 
Place laft found parallel to the feveral Courfes drawn in the Qua- 
drants, and.equal to the feveral Diftances upon each Courfe, will 
give the feyeral Placese fg bi K, to which the Ship. arrived at, 
and..K the Place of the Ship at the Eind of the feveral Runnings. 
» Laflly, Having drawn the Lines KA, KH, KR and KP, KA will 
be the neareft Diftance of the Ship from her firft Port, KAH the 
Courfe,; KH the Departure Welt, and “AH the Difference of Latix 
tude Southwardly, the Ship has made; KR the Excefs'of AD above 
AH, the Difference of Latitude between the Ship and the 2d. Pore 
in this Cafe Southwardly, PR the Difference between PD, and KH 
the Departure Weft; alfo KP the Diftance, and the Angle PKR, 
the Courfe upon which fhe mutt ftcer, if poffible, to arrive at it, ., 
--To find all which Trigonometrical/y, muft be found firft accord= 
idg to Cafe the wftof the latt Sedion,, ‘Lhe feveral Differences. of 
Latitude and Departure proper to the feveral Courfes and Diftances 
run, asin the following manner 5 iste | 

1, Courfe SW. by W~ Diftance, 27 Miles. 
Radius ——~ — 10.0000000 ; Radius. ~—-—~, —-- 10.0000000 


: eco ee 
; Ao none 


Diftance failed 27 —°1.4313637 | Diftance failed 27 — 1.43136 37 
s, Courfe 56° 15’ — 9.9198464 cs, Courfe 56° 15’ — 9.7447390 


Gee eee SD 


Departure-22.45 ——1.3542101 Diff. Lat. 15.00 —— 1.1761027 
ovr» 2; Courfe WSW,. 2 W. Diftance 30 Miles. 
Radius ——- ——= 10,0000000. Radius ——- ——- 10,0000000 
Diftance fail’d 30 — 14771212 Diftance fail’d 30 — 1,4771212 
s, Courfe 73° 07'——. 9.98086 57. cs, Courfe 73° 07’ —— 9.4630323 
Departure. 2871 — .1.4579869. Diff. of Lat. 8.71 — 0.9401.535 
After this manner muft the Difference of Latitude and Depar- 
ture for every Courfe and Diftance-be-found ;-but I fhall omit:the 
Operations forBrevity-fake, asi well-as- forthe Improvement of 
the rote RCOLS, Og) fe OE me en CE | 
_ ‘Now, from_the-feveral. Differences-of.Latitude.and Departure, 
thus deduced: from ‘the Courfes and Diftances obtained by the Log 
and Compafs, may be found the Latitude of the Place we Ship 1s 


, 
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108 Navigation. | 
in, and how far fhe is to the Eaftward or Weftward of her firft 
Meridian, by difpofing of them as in the following Table, called 
The TRAVERSE TABLE, which confifts cf five Columns; inthe’ 
firft of which muft be placed the feveral Courfes and Diftances, in’ 

the other the Differences of Latitude and Departure deduced ‘from 

each, according as the Courfes arc; that is, ifthe Courfe be North 


SL Coote the Difference of Latitude muft be placed under 


‘the Column N. and the Departure under ‘the ‘Columns of. eat 


but if the Courfe be South joe y then the Departure muft. 
be placed as before, and the Difference of Latitude under the South “4 
And being thus difpofed, it is manifeft, that the Totals of each Co- 
lumn fhew the Northings, Southings, Eaftings and Weltings, that’ 
the Ship has made. | Heit 

Wherefore, if the Sum of the Northings exceed the Southings, 
it follows, that the Ship is to the Northward of her firft Place, and 
that juft as much as is the Excefs ; and the contrary,-in like man= 
ner, if the Sum of the Eaftings exceed the Weftings the Ship 1s to. 
the Eaftward of her firft Meridian, otherwife to the Weftward.. j 


Departure, si 


iff of Lat. 


ms The Traverfe Table... 


Courfes. tb ~ -Diftances.) 
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—‘Flence it is manifeft, that the Ship is 47.31 Miles to the Wetft= 
ward, and 169.30 Miles to the Southward of her firit Place; and. 
therefore the whole Difference of Latitude 2.49 + Southwardly, 


| Wherefore, 
Becaufe the Latitude of the Place fhe failed from was North, 


- Brom the Latitude departed from —— 37° 10° N. 
Take the Difference of Latitude made ——- 2 49 } Sly. 


ee ee 


34 205 N. 


’ There remains the Latitude the Ship isin» 


Now, to find the direé&t Courfe, it will be by Ca/é the 4th. 
As the Difference of Latitude 169.30 ———- = 2.2287339 


eee 


Moithe Departure 47.39. ae ae ae 1.6755950 


Sous the Badiis -————— — 10,00000CG 
To the Tangent of the Courfe 1 5° 38 9.446861 5 
, Or, S. by W. 4° 23’ Weftwardly. 
‘ For the diredt Courfe, it will be, by the fame Cae, 
As the Sine of the Courfe 15° 38’ ——— 9.4305267 


nppaie thes Departure 47.38 “se-“G dtr) Sir ior 1.6755950 
— So is the Radius a _10,0000000 


———=_ 22450683 


To the dire& Diftance failed 175.8 ~ 


‘The next Thing, in order to compleat the Traver/e, is, to find 
the Diftance of the Ship from her intended Port, and upon what 
Courfe the muft fail, if poffible, to gain it. | “ 
__ And becaufe the Difference of Latitude between the Place of the | 
Ship at firft and her intended Port, 1s greater than the Difference 
of Latitude made, 

ppm k firft given 250 Sly. 

ley -s 


ors tie Difference of Laas made —— 169 33’ Sly. 
Remains ) - eae to make— 80 67 ae 


a ai 


ute 4 J : te att et es 
ae ye, Ny ese: slic Sree ee aes ty 
x Se) Se ae ey 
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Alfo becaufe the Departure firft given, as well as the Departure. 
made, are both the fame way, their Excefs fhall be the Departure 
the Ship muft make, ; BR Visto ik oh Soc EY eT 

Wherefore, 


From 2 - 6 firtt given mnnisenlin 180° 08 W 
Take >the Departure< made ———~ ——. 47.38. W. 
Remains J» Lto make ——a = (132 .62 W. 


Hence, and by Cafe the 4th, the Courfe and Diftance may be 


eafily had. — 


+ 


For, 


As the Difference of the Latitude 80.67 eS joi 3 


— -'To Radius T.0.0000000 
So is the Departure 132.62 ——~ —— —~—- —— 21226090 


m4 SSS 


ee 


~ "To the Tangent of the Courfe’ 58° AV’ eee TO. 2158969 
Which, becaufe the Difference of Latit 


Departure Weft, is SW. by W. 2° 26’ Wefterly. > 
he Again, for the dire& Diftance it will Bey OM 
© As the Sine of the Courfe 58° 41’ ae 9.9316143 


ee 


To the Departure 132.62 ———_—_ +. ——. 9,1226090 


Sots the Raditys ms ee 10,0000000 


on 


"Po the direét Diftance 155,22 ak Fe 9 999947 
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30.4 | 40-7 | 20.7 | 49.2] 31.4 | 396] 3201 SE | 
31-0 | 41-6] 31-3 | 4t.0f 320 | gag] 32.7 39.8 
31.6 |} 4234319 | 41.81 32.6 | are] 33.3 42,6 
32.2 | 43-11] 325 | 425] 32-2 | 42.0 34.9 41.4 
3268 | 43-9} 33-1 | 4331339 | 12.71 34.6 ites 
33:3 | 447) 33-8 | 44rf 345 143.5] 39.2 ade 
33.9 | 45-5 | 34-3 | 44.9) 35-1 fan | 35.9 43:7 
349 | 4631349 | 45-71 35.8 | 45.1 | 36.5 44-4 
1351 | 47-2) 35-5 | 4609) 36.3 | 45.8 3741 45-2 
35°7 | 47-9 | 381} 47-31 36.9 | 46.€ | 3708 46-9 | 35.6 
36-3 | 48-7 | 367 | 48.1] 37-5 | 47-4 | 38.4 46-7 
264) | 4905 | 37-3 | 48.9! 38.2 | 48.2 | 39.0 ATS 
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$24} 70:2) 53:9 | 69.3 S42! 68.4] 5¢.4 67-4 
$30 | 7161] 53-9 | 70.1 94.8% 6921 56.5 63.2 
$36 | 719) S42 | 70.9 $504) 69.9 | 56.6 ee 
$4-2 | 727) 548 | 71-7, 56.0 | 707] 57.3 ee) 
$48 17351554 1 72-56 $66 | 7151579 70-3 
SS-4 | 74234560 | 73.3 5763 | 72.3158 5 ae 
$6.0 | 75.1156.6 | 74.1 57-9 | 73.0] 9.2 72:0 
166 | 75.9]57-2 | 74.9 5365 | 738] 5008 7x 
57*2 | 766715793 | 75.6 500d, 


59:6 | 79.9| 60:2 | 78.8 61.6 70 baie 


aan eS sae -_— 


Dep| Lat | Dep! Zat | Deb| Lat | Dep! Lat | Dep! Lat | Dep 


1=> 2 Point 53 Deg. ! 52 Deg.\'51  Deg.| 4© Point ! 50 Deg.) = 1 hi ' 


R 


MP OE or Ra A OT AT APOE 
Pu elt Chess) eel Meee | 


on 
\) 


0.0 ©) “A Eero v ~Tvid: 


1 10 


O A Tableof Dit FERENCE 
enn commana neat canal 7 
4: Deg. | 42° Deg. 13% Fort 
Lat| Dep Lat | Dep | Lat | Dep 
0.7 60.7 00-7 | 00.7 | 09.7 | 00-7 
O15 | O36 Ol-§ | O1.3 OLe§ J OF 3 
02:31 02.0 | 92-2 ]020 | 92.2 02.0 
03.0} 0266 | 03-0 | 02-7 03.0 | 02.7 
03-8 | 03.3 | 03-7 | 23:3 | 08:7 | O34 
04.5 | 03.9 | O4-5 | O400 | 04-4 104-0 
05-31 046 | 05-2] 04-7 05-2 | 04-7 
06.0] of.2 | 05-9 | 05:3 | 25-9 | O5-4 
06.8} 05.9 | 0%? 06.0 | 06.7 | 06-0 
07.5] 06.6 | 67-4 | 06:7 | 07-4 | 96-7 
08.3| @7-2 | 08-2 | °7-4 08.1 | 07 4 
08 T}ay.9 | 08-9 | 08.0 | 08.9] 08.1 
09.8] 08.5 | 09-7 08.7 | 99.6 | 08.7 
106°} 09.2 | 10.41 09-4 | 104) 99 4 
$1.3| 09:8 | Hor] 10.0 | tt) LOM 
TRI] TO%5 | 169] 107 | L1-9) 109 
128] ykeX | p26] #4 | 12.6] Bte4 
13,61 188 | 13.4 | 120 | 03-3] 12-7 
V4.3 | TMF | 141 | £27 | b4ek 12.8) 
tga [13 t | 14.9 | 134 | 148 | 134 
198] 13-8 | ts.6| 14.0] 15-6] 141 
16.6] 14.q | 1663 | 14-7 | 16.31 148 
17.4] 1S¥ f r7t | 154 | WTOP TS 4 
PSE) 19.7 | 17.8 | 16.7 | 17-8 [16-1 
18-9 | 1564 | 18.61 167 1865 168 
19.6 | Tt | 1931174] 19-3] 174 


29 | 19.0 | 251 59.4] 21-5 [19-5 
22-6 19:7 | %2.3 | 2061 22.2} 20. 
23.4 | 20.3 | 23.0 | 20.7] 23-0] 20.8 
24.5] 21.0 | 23-8 }2teg | 23-7) 215 
BAG | 216 | 24.5 | 2207 | Z4eq| Weed 
25.6 |223 | 25-3] 227] 25-2 |'22.8 
26.4 | 2300 | 26:0} 23-4 | 25.9 2365 
27-21236 | 26.7] 24.1 | 26+7 | 246 
27.9 | 2463 | 2765 | aa7 | 27-4 | 2408 
28.7 | 24.9 | 28.2 | 254 | 28.2] 29-5 
29.4 | 25.6 } 29.0] 26.1| 28.9 | 26.2 
39,2 | 26.2 | 29.7 | 26.8) 29.6 2609 
31-0 | 26.9 | 39-5 | 27-4] 300g] 27-5 
31-7] 27.5] 31.24 281] 34.7 | 28.2 
32.5 | 28.2, 1 31-9} 28.8 | 3169 | 28-9 
33-2] 28.9 | 32.71 29.4 | 32.61 29-6 
340] 29-5 | 334] 30.0] 33-3] 30% 
34:7 | 30.2 | 3402 30.8.) 34-7) 30 
355 3008 | 34-9] 31-4] 34.9) 31-6 
35-3] 3865 | 35-7] 321 | 35.6] 322 
37-0] 32.1 | 36-4 | 32-8 | 36-3 | 329 
37-7 | 32-3. | 37-2 | 3305-| 37-0 | 33°6 
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35.8 alol4io] 58 
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Of the Nature and Ufe of the preceding Table. 
OR the more ready yore cs a Zraverfe, in order to find 

1 the Place of the Ship at all Times, the preceding Table has 
been inferted, made according to Cafe the 1ft of Plain Sailing, fhew= 
ing the Difference of Latitude and Departure, to every Degree, 
Point and Quarter Point of the Compafs, the Diftance trom 1 Mile 
to 100, and may be made to ferve for any other Diftance, provided 
it be firft divided into Parts not exceeding the Limits of the Table. 

At the Head that is in the uppermoft Rank, are placed the 
Courfes, beginning from 1 Degree and proceeding on through the 
feyeral Degrees, Points and Quarter Points to 45 Degrees, and at 
the Foot, or in the lowermoft Rank but one, are placed the De- 
erecs, Points and Quarter Points of the remaining Half of the Qua- 
drant, that is, from 45 Degrees to go. | 

In the two outmoft Columns of cach Page are placed the Di- 
ftances, the Table on the Left-hand Page beginning at 1 Mile and 
continuing to 50;, and that on the Right-hand Page beginning 
where the other left off, viz, at 50, and going on to £00. 

And in the common Area, that is directly under the Courfe, 


and againft the Diftances, are placed the Differences, or Alterations — q 


of Latitude and Departure, correfponding with, or an{wering to. 
the given Courfes and Diftances. 


A few Examples will make it plainer. 


: Example the ft. 


Ifthe Courfe were NE. by N. 4 Eafterly, Diftance 76, and the 
Difference of Latitude and Departure were required ? ; 


On the Right-hand Page (becaufe the Diftance is above 50) find 
the Diftance 76 ; and at the Top (becaufe the Courfe is lefs than 4. 


Points, or 45 Degrees) look for the Courfe 3 > Points, and right 


under it, and againft 76, the Diftance failed will be found in the 
Column Lat. 28.7 for the Difference of Latitude, and in the Column 
Dep. 48.2 for the Departure. mie 

If the Courfe had been NE. 4 Eafterly, and the Diftance as be= 
fore 76, then the Courfe muft have been fought for at the Bottom, 
and the Difference of Latitude would have been found 48.2, and 
the Departure 58.7. Example 


“The, Ufe of the Yable. T33 
at sp op xample the 2d. = i 
Suppofe the Ship’s Courfe NE, by N. 7 Eafterly,, and the Di- 
flance, F7Oss annwenesl’ add 1.12 est , 3 
On am Right-hand Page at the Top, find out the Courfe 3 } 
Points, and againft the Diftance 100, you will find the Difference 
of Latitude 77.3, and Departure 63.4: Again, Find out 76, the 
remaining Part of the,Diftance under the Golumn Diff right again 
it, and in the Column under 3: Points you. will find 58.7 for the 
Difference of Latitude, and 48.2 for the Departure: Now the Sum 
of this Difference of Latitude, and the Difference of Latitude be- 
fore found, 136. will be the Difference of Latitude required ; alfo 
the Sumof the Departures 111.6 is the Departure fought, 
rare, Bax spatial PKereGtl0 84d. ycosM aparnstdah «23 
~ Suppofe a Ship fails South 36° 30’ Eafterly 45. Miles, and the 
Difference of Latitude.and Departure.were required. 
Having found the Diftance failed in the Left-hand Page, be- 
caufe the Courfe cannot be found exactly, feek the Difference of 
Latitude 36.4, under the next lefs Degree, viz. 36, alfo the Diffe- 
rence of Latitude 35.9 under the next greater Degree, wz. 37 5, 
then fay, As the Difference of the Tabular Courfes 60’, to the Dif- 
ference of the Tabular Differences of Latitude 5, fo is the Excefs of 
the Courfe given 30 above the next lefs Tabular Courfe, to 25, which 
fubtraéted from 36.4, the Difference of Latitude belonging to 36 
Degrees, gives 36.15, the Différence of Latitude fought: After the 
fame Manner the Departure willbe found to be Sherer | 
_ In like manner, if the Diftance were a Fraétional Part, then the 
Difference of Latitude and Departure under the fame Courfe muft 
be found, to the next two extream Diftances, and Proportion made 
accordingly,» : Ly aly bat) ot eee ay 
| Example, 


eae 


SO Ao The Uje <of. the- 


‘the ae exercife the Young Student. 


Table. 
Tn like manner for the Departure, fay, As 100 to 5, the Diffe- 


rence of the Tabular Departure’s antwering fo 44.and 45 Miles, io is 
‘ys to -335, or 75 nearly, which therefore added to the Depariure 


Ts 
20.7 anwering to 44 Miles, gives 21.1, the Departure fought. 
» (After the fame manner may the Difference of Latitude and De- 


fhall only ‘give one {mall Traver/é with its Solution, and leave 


ar be found to any given Courfe and Diftance ; and therefore 


7 


~ AGmit a Ship! at Sea ih the Latitude of 34° 30’ N, fails away 
WN. by E35, NNE? Eaft 27, NE. 32, NE. by E. 4 North 40: 
ENE. 3 Eatt-s0, and it be required to find what Latitude fhe is 
in, and how far the is departed from her firft Meridian? | 
Having made a Table, and placed the Courfes and ‘Diftances in 


willbe found’ as ‘follow. : He ETERS eS eto ec sa SIGS é m 


Coutfes, 


‘ Hence “it appears the Ship has departed from her firtt Meridia 
124 ' Miles, ‘and altered her Latitude 112.3 Wales 0 ce 

Wherefore, to find the Latitude fhe is in, becaufe the failed from 
a North Latitude Northerly,’ . 


‘ 


mtg che Latitude failed from — 


i 


“Add'the Diftrence of Latitude teduéed ——" tsa 


fa > 
ASS 


-, » Whe Sum is the Latitude the isin —— +) 30 25h. an 


> By the. Telpof this fable, alljthe feyeral Cafes of Plain Sailing 
yeas ata! refolved ;ibut.this being a'tittle forcign tothe prefent 
Bufinefs, and sot the Defign for which thefe Jabies were calenlated, 
we fhall pale it bycons Codoidwe Atornis 
io soayi OM anidiode POL 23 tt one cheng SE Gt. 
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Containing the Dottrine of Oblique-angled Plain 
- Triangles, applied to Problems of Sailing. 


| N this Se#ion I fhall infert fuch Problems only, as are more im- 
mediately ufeful in the Pradice of Navigation, 


Cafe I. 
-Coafting along the Shore, I faw 4 Cape of Land, which' bore 


from me N. by E. then I ftood away W.N.W. 5 Leagues, or 15. 


Miles, and the fame Cape bore from me N. E. 4 E. I demand the 
Diftance from the Ship in her laft Stationto the Cape? 


_1, Having drawn the Compafs NE, 
SW. let A reprefent the Place of the 
Ship in her firft Station, and draw the 
W.N.W. Line AC equal to 15 Miles ; 


then will C be the Place of the Ship in |  & 
her fecond Station. .- cet eutihe 
2. From C draw the Line CB, paras 6 AVE paattlods \W Hit 
lel to the NE 2-B. Line tilli¢ meet.thes jot asiigt or Bit 
N. by E. Line AB in B; then will Bi... “thistis WA. 


reprefent the Cape of Land, and CB the. ». 
Diftance of the Ship from the Cape at 
her fecond Station. 


Se 


To find which by Calculation, ---— 


In the Triangle ABC are given AC equal to 15 Miles, the An- 


gle A equal to 78 deg. 45 min. equal to 7 Points, equal to the Di- 
itance between the N. by E. and WNW. the Angle B equal to 
39° 22! 2, equal to 3.4 Points, equal’ to the Diftance between the 
 N.by E. and the NE} Ev and the Angle C equal to 61 deg. 52 
— min, 7, equal to..5 4 Points, equal to the Diftance between the 
VINW. andthe SW 4 W.. Whetiée, to find the Diftance CR, ic 
will be by the 24 Cafe of Sef. the 8th of Trigonometry, 
5. ABC; ACi:S, BAC: CB, That is, 4 
As 


hee ees 
Navigation. | 1eF 


td 


a 36 | Navigation. : q 
4 As the Sine of the Angle at B= 39° 22' 5 —--—— 98023585 


————— ee ees ot 
‘ 


To the Diftance rus AC =15 ——— ae 1.176091 3 


So is the Sine of the Angle at A 78.45 9.991 5739 / 


a 
t*? 


To the Diiatiee beewecs the Ship and the Cape 23.19 Is 36 53067 
Ti the Diftance of the Ship in her firft Station from the Cape be { 
required, it will be by the 2d Cafe of bedi. tke bth of Trigonometry, i “i 
S. APG: AC 2S. ACB: AB. That is, ” a 
As the Sine of the Angle at B = 39° 22’ —— — 9802358¢ ; 


syotT the Diftance run AC= 15 a 1.176001 37 
» So is the Sine of the Angle at Cc 61° 52° 5 9.945420. 


Se ee 


This Cafe is of Ufe in finding the Bearing and Diftance’ from a 
Headland, when a Ship is about to take her Departure from the 


Land. dnvten! 
: Cafe. Tl) Yar 


Coafting along the Shore, I fee two Headlands, the firft bears — 
NNW. the fecond NNE. 7 Eafterly’ ; then ftanding away E. by N. © 
+ Nly. 16 Miles, the firft bears from me WNW. the fecond NW. 
by N. 5 Wefterly 5 1 demand the Diftance of each of thefe Ports from 
the firft Place, as alfo their Bearing and Diftance from each other. 


“To the Diftance required AB = 20.85 Miles ——~ 1.3191626 


wht vd cil wGbometeitally. 
Having drawn the E. by N. 4 N, 
Line equal to 16 Miles, from the Sta- 
_ tions A and B, draw the feveral Bear- 
. ings }interfecting each other in the 
Points D_and C, which will reprefent 
_the two Headlands, ~~ rs 


waited 4% Si Sasi Whence, 
: 2 
mr > jalan * 


| Navigation. 


levet Whence; | 
Ih the Triangle DAB are given, 


e DAB B+ ie yas 
The <: ABD Y= oe i bPoints = ee see) 9 ies it 
e The Diftance rua AB 16 Miles ; : 


Cd 


_ And therefore AD will be eafily had, for 


s, ADB: AB:: s, ABD: AD. That is, 
As the Sine of ADB 45° co’ —— | —-——= 98404850 


Gee ee ee 


To AB 16 Miles ——————— ——- ———- —— 1.2041200 
So is the Sine of isla 35° 2 ne 9.8.02 2816 


To AD 14, 35 “Miles $3.1 569166 
Tas Diftance of “the firft Headland required. . 


‘Again, » 
In the Triangle ABC are given, 
% BAC BaD vp ces i 4 a 
3. ore tanch 14g trae mo tA cae 
| Wherefore, 
s, ACB: AB::s, ABC: AC.- That is, ! 
As the Sine of ACB 67° 30’ —— — 9.96 56153 


To AB 16 Miles lee ee 12041200 
So is the Sine of ABC 70° 10) es 9%. = P97385¢9 


To AC 16 31 Miles _ — I = 1.212356 
‘The Diftance of the Ship from ce ona ite aig a 


_ After the fame Manner may the Diftance of the Headlands D 
-and C, from B, the laft Be of the Ship be found, if ic be re= 

quired. But. 
S To 


a 
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To find the Bearing ‘gad Dittance of the Headlands, 


& SES ch ay0h Bees h & Saks aad 


ale Pian In the Triangle DAC are given, 
1, DA Nh. C8 Nilea sere: So Set tema 2 
SACHS GMiles. Read, CUMS |S 
3, The <DAC 53° 26’, and therefore it will be, 
AC-+ AD: AC — AD: 14 ADE + ACD se ADCACD. 
sbi Joel t a. “Prats,  / a 0 Pa , - 
As the Logarithm of 30° 06! a= a> tor 14965721 


: : | 
on . “To the Logarithm of 1 96. ——> => 0: 2922, 561 


a ee 4 (o) a: { et * ; 
. So 18 the Tangent of 63° J Lise WEEE LT HO OE 10,298 1626 


te 


“sTo fie Tangent of 7° 14 oS eres po aneeseane ‘ 
; + RNGWES TTF 71 7a Alea ire cena 


And therefore C bears from D Fatt Roe Northerly; and con= _ 
fequently D from C, Weft 3° 01" Southerly. 4 


And for their Diftance it will Be, oo) 


\ 18, ADC+ACo ts, DAC+DC,, Thatis, © 


ee 


As the Sine of ADC 76? 31H LS 9.9743013 


nd 


To AC 16. 300 ee ee 1.212.356 q 
So is the Sing of DAG)53% a6, ata reo 99948043 i 


a 


ee 


_ «To, DC 13.89. Miles = = Ae 1.427696 
"The Diftance of the two Headlands. . . 


After this Manner may the Mutual Bearings and Diftances of | 
“any Numbér of Headlands be found, which are of extraordinary — 
— Ufe for*correéting of the Sea Chart if need require, «9% P 


as Ge OIE Kane 


SS ee 
———————————————— 


And fince I am upon the Bufinefs of ‘meafaring inacceffible Die 
-ftances, I cannot but. recommend one Way, which, without Dif- — 
pute, when it can beput in Practice, is the moft cafy and ¢xpedi- 
tious ay hitherto known ; and that is, by F iring chester a 
eT yf ite 


<3 


2 


ayn pines 


ee ee 
at 
ial, = 


Sean nee 
SESE eee 
my 5 : Fe ees 


“Teithe 


Mr, ve iirc, 
feveral E Minedies. mates 
an Hult, 3 w 


the p, of Shoct en's 
vata Bk three Miles. 
ver at the 


mee 


to. travela: Nautical Miles... 

| Wherefore, As £ to 5.326, oe is any given ‘Difkance in Miles to 
the Time chat Sound. will require, to move over that Diftance.,, eae 
aa As tis toch6y fo 18; the: Diftance,. given» in. Leagues . to the 
ime that the. Souad: wil, require to-arrive iat’ the given ‘Place, “4h 


a Place, 
Bon Aso 


Gees Mit 


* 


between the two Places, 


Hence, If the Diftance beeweenbany two Places be given, the 
‘Time that Sound will ae to traveboyer. that Dittance! mayebe 
Lime that a Sound is going be- 


found : 


: And on the contra 


tweer!’ any two'Plades being 
Places is'eafthy had. 


SAR, 


mane mo beau hind 
Ss Fe rondo: ier a reenvic, 
a large geet 
ich is dit fant ‘own the t 
within ’a finall Matter, ah sate Ce 
kate of 1142 Reet in one Secohd fF Time; - and this, by 
repeated’ Trials, was found to be the fain, whether the Sound 
or againtt the Wind 5 Wea at lealt, the ‘Difference 5 ae fo 
not to ‘be difeoyerable, 7 

SN Seatute’ Mile contains 5280 Feet, ‘and. donfeguhtty. a ‘Sband 
requires.4.623 Seconds, of 9 246 half “Seconds, 296: Prat half eu a 
to travel an . 


z6 i Dart at bs 


On she. Conteary, 


As 5. 326 to 1, fois the Number of Seconds, between the Time 
that a Spi is| pericratéd, andthe: Time! that: carsAurints: aa ‘in 4g 
cay CQ. the Difarichcbetweea: thofétworklyees in 
toit) fois the Numiberiof Secdnds; Aenvic th: i bra 
of its Generation andthe "Fimesof its being heardy ité the Diftance 


on, the Diftaiict bene. dice two 
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And becaufe the Motion of Light is in a Manner inftantancous, # 
it moving at the Rate of 10000 Miles, at leait, by the beft Obfer- 


_ yations, in a Second of Time, or whilft a Pendulum of 39.2 Inches — j 


makes one Vibration. : sig 
~ Hence, if the Difference between the Time that an Explofion is 
firft feen, and the Time that the firft Sound of it reaches the Ear,, 
be given, the Diftance between the Place where the Gun was fired ,. 
and the Place of the Obferver, iseafily found. Fr, ae 

As 5.326 to 1, fo is the Number of Seconds to the Diftance in. 
Nautical Miles. Or, As.16 to 1, fo is the Number of Seconds to the 
Diftance in Sea Leagues. _ | 

Wherefore, if the Number of Seconds between the Time that 
the Flath of a Gun is feen, and the Time that the Report becomes 


audible, be divided by 5.326, the Quotient will give the Number — 


of Miles of Diftanee between the Place where the Gun was fired, 

and the Place of the Obferver , or if the fame Number of Seconds 

be divided by 16, the Quotient will give the Number of Leagues of 

Diftance. -." : 
_ Example}. . 


Being at Sea, I counted 50 Seconds between the Time that Ifaw 
the Flath of a Gun and heard the Report: I demand the Diftance. 


If 50 Seconds be divided by 5.326, the Quotient 9.388, or 9. 4. . 


Miles, will be the Diftance required. Or, It the fame Number ot 
Seconds, viz. 50, be divided by 16, the Quoticnt 3.125, or 3% 
Leagues, will give the Leagues of Diftance ; fo that the Gun when 
it was fired was 9.4 Miles, or 3 } Leagues from the Obferver. | 


Example 2. 


Being by the Sea-fide, there was @ Ship in the Ofing which : 


fred foe Guns, and obferving, I found there was 40 Seconds be= 
tween the Time that I faw the Flath and heard the Gun: I de- 
mand the Diftance of the Ship from the Shore. 


Anfwer. 


7% Miles, or 2 7 Leagues. 


If the Obferver have not a Minute Watch by him, let him take 
a String, or Piece of Wire, of 32.2 Incheslong, and daften a Plum- 
ay | met 


sd OO 
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met to one End of it, and hang the other apon a Nail or Peg, or 
hold it between his Fingers, and count the Numbers of Vibrations 
between the Flafh and the Report, which will give him the Num~ 
ber of Seconds; oar, +f he has a Mind to be more nice, let him take 
a String or Wire of 9.8 Inches, and prepare it as before, and the 
Namber of Vibrations in this Cafe will give the Number of half Se- 
conds of Time. | ‘ 

It is generally found, that the Number of Pulfations of the Ar- 
tery, or Contractions of the Heart of a Man of @ good Habit of 
Body, isfeventy-five in a Minute: Wherefore this being fuppofed, 
it follows, that Sound travels at the Rate of one Newticad Mile in 
6 2 Pulfations, or one League in 20: And confequently we can ne-= 
ver be at a Lofs for putting of this Method in Pradtice 5 for if the 
Number of Pulfations between the “Lime that a Man fees the Exx- 
plofion of a Gun and hears the Report, be divided by 6 3 (or 7 for 
round Number) the Quotient will give the Number of Miles of 
Diftance ; or the fame Number of Pulfations being divided by 20,. 
will give the fame Diftance in Leagues. : 

In turning to Windward ; to know how near the Wind a Ship will 
lie, obferve what Courfe fhe goes on each Tack, then inthe Middle 
between both is the Wind ; therefore the half of the Arch or Num~ 
ber of Points between each Courfe (viz. that Arch the Wind is in) 
is the Diftance of the Courfe from the Wind. 


. j Cafe ILE. 


Suppofe a Ship is bound to a Port that lics NE. by N.4 Nor- 
~ therly, diffant 325 Miles, the Wind being N. by E. and fhe being 
able to lie no nearer the Wind than 6 + Points, [ demand how ma- 
ny Miles fhe muft fail upon her Larboard-Tack, and how many 
upon her Starboard, to gain her defired Port. tle 


Geometrically. 


1, Let A be the Place the fails 
from, B the Place the is bound - 
to, and dA the Courfe of the 
Wind. 

2. Set off 6 } Points on each 

Side of the Wind to X% and ¥, 
cand draw AY aad AX. 


t42. ‘iRepeeiti 


. Through B. draw BC parallel to XA, elit it ie AY pies 
duced, then will AC and CB be the Diftances ber i Kr we ES 


? ites i e he wis 
he Pe ah, To find hich) i rigaiometica'y, Anco LO Ta 
Y P ne { g " Bains fev of re eat i . “ 
In the T riangle “ABC. are piers. 7 


: af, AB 325. Miles, wh: ae Sea 
904 <2 BAC A+ suet ae ty cae bis pala 
3d. ABC 74 Points.c= 787.11, 3. | 
4th. << ACB 3.4 Points ==39 22 4: 


t 

a a eo: rat es wey seq? 
* 4 . 5 we ae x 4 fen 

4. 


dhe therefore it will be, 1/7, ms - bE ae : 

| | ey ACB: AB: s, ABC: habe thai is, Mabie ie é H 
| Hoek As the Bite of ACB oer | * oe Fe § 
ioe AB : 325 Miles -——— vee nee | 

| 9.99947 5 50) 


So is the Sine of ABC eal i —— 


a APR Sade Ne Ma i, eee OG RTSE Te 
i | And fo far matt the ‘hil upon ie abe Sin ers. to ey as rt | 
as poflible to her defired Port. 


But to find how far fhe mutt fail upon her Starboard , it will be i 


Ss s, ACB: AB::s, BAC: BC. tego i So ee 
As the Sine of ACB Le RIE ret eg eae toe IR, - 98022816 aq 
‘ wo Po AB 425, ; 2. 5118834 ( 
Siis Haseena Lia enna = 9.9048043 
’ To BC 41.6 Miles ——— ——— D8 6144061 
The Diftance the mutt fail upon | her Starboard-Tack. ra 


* This Problem is of ereat Ufe in 1 inftructing the i duttriond Mae ‘ 
: tiner-how he may conduct -his Ship the fhorteft Ree when the 
Winds are contrary. © | 


x “4 Bi i ae vies La pk waite qv. 


CVE 5 
ss “tea two- Ports: lhe NNE, and SSW; diftant 300 Milas ety 
the Wind being at North, a Ship fails from the Southermoft, clofe 
haul’d upon the Wind 510 Miles, with her Larboard-Tack on ‘board, 
and then 410 Miles with her Sratboard-"T ack, and then arrives ae 
the Northermoft ; I defire to’ know how near the Wind fhe makes 
her Way good upon cach Tack. 
“Let A and-D be the two Ports, AE and DE the Diftances upon 
each Tack. : : 
In the Triangle ADE are given, 
1. AD the Diftance of the 
 Rorts, 300. - ie 
2. AE, the Diftance run upon reas) 
the Larboard-Tack, 10. 
3. DE the Diftance upon the 
Starboard, 410. 
Now to find the Angle DAE, 
it will be, (having Ict fall the oe 
Perpendicular eb audi ; 


% 


bieek Peiglad DE dAD: BD— DA: EB — BA That i, by 


ctl + I ot bo i Pmt She te ; - Logarithms. 
As the Logarithm of Cag ros er a 2.707 5702 


eee 


__ To the Logarithm AE ener e tent care ger 2.8512533 
Soi is the Logarithm oh kr atoy er igee7 


“Te? the Logarithm of oe OE ig ae — 2, 2.18 50808 
Now, $10 -— 153) 2 == 35; 8 = 2 AB. at 


“Therefore, AB = 178.4, and it will be, 
AD: R.: SAB: ies, DAB is, That is, — 
——- 2.4771211 


op AD Jeo Tae 


Ret 5 


Aas the er aris 2 T0,0000008 
hy So is AB: 178. 4——_—— rp RE 2.2,513948 


! a Lea 


ie mCG the Cosine ofthe eA $2 Peay S773) 


xem een. ——- 


a ta 


Se oat 


Navigation 


= 


Or, 


To the Arith Complement of the Side AE 510 — 9.2924298 
Add the Arith. Complement of the Side AD 300 —e— 7.5228787 
Alfo the Log. of the halt Sum 610 —-—- —~ -—— 2.785 3298: 
Aad the Log. of the Remainder 200 ———-—- ——=_ 2.301. 0300 
Half the Sum of thefe four Logarithms ——~ -——--I 9 9016683. 


eas 


Will give the Co-fine of 26° 46" f ——~ ——- —— 9.9508341 


Which being doubled will give 53. 31 for the Angle at A, the 
fame as was before found. ae 
Hence it appears, that the Courfe fhe made upon her Larboard- 
Tack, was ENE, 8° 31’ Eafterly; and theretore fhe mede her 
Way good within 6 } Points. ; 


Cafe Y. 


Being at Sea, the Wind at North, I faw a Headland bearing 
N. by E. 4 Faft, diftant 3 Leagues, then I ftood away between the 
North and Eaft 8 Leagues with my Larboard~Tacks on board, and 
then the fame Headland bore from me Weft by North; I demand 
the true Courfe ? 


Geometrical’ y. 


Ship at Sea, and draw the N. by E. 3 E. 


B reprefent the Headland. P 


9. From B draw the Line BC pa- 
rallel to the E. by S. Line, till it inter- 


fe&ts AC at the Dittance of 24 Miles, - 


from the Point A, then will AC be the Ship’s Courfe ; to find 
which, in the Triangle ABC are given, AC=24 Miles, AB= 9 


Miles, and the Angle ABC equal to 95° 37/2, equal to 8 3 Points, 


equal to the Diftance between the N, by E. t E.and the W. by N. 


f. « 
oa 
Cae 


1. Having drawn the Compafs N. E. é 
S. W, let A reprefent the Place of the — 


Line AB equal to 9 Miles, then will j 


whence to find the Angle BAC, by the 17 Café of Sed. the 8tb of — 
| Asi 


Frigonometry, it will be, 


Navigation. Tas 

As the Diftance failed AC = 24 ——p— —— ———=_ 1..3802112 

To the Sine of the Angle at B = 95° 37’ : ——= 99976037 

So is the Diftance given AB=9-—— —— 0.9542425 

To the Sine of the Angle at C = 1° $a 9 5719350 

Whence the Angle BAC will be 62° 27'4, and confequently the 
Courfe is E. by N. co® 35’ Hafterly, or 7 Points from the Wind. 


* Hence, by knowing how near the Ship can lic up to the Wind 
may the Lee-way be found. | 

~ For fuppofe fhe can lie up within fix Points of the Wind, then 
in this Cafe fhe has made one Point Lee-way. 
When a Ship is near the Land, as in the former Cafe, the 
Lec-way. may be found much more exactly by the following 
Example vag SUN | 

Suppofe a Ship at A, lying up N. by W. 

towards B, but that inftead of keeping on 

the Courfe AB, fhe is carried onin the Line ~ ) 
avapenthy nh ga timeeaatian Pagel Meaney 


a oe 
Sn & 
~ *Tis evident, that the Point E. will al- if ds Ae 
ways bear the fame from the Ship, be- vl z 


Lo 


caufe fhe keeps on in the fame Courfe AE, Cato 
and that the. Bearing of every other Poiat ee 
alters. 3 


Hence therefore, the Difference between the Courfe AE, the 
Ship is carried upon, or N. by E. and the Point of the Compafs 
the Ship Capes at, or the Pe BAE equal in-this Cafe to twe 
Points, is the Lee-way fhe makes, | ieee RD 
‘This is of great Ufe when you are about to double a Cape, 
Headland, &¢. the Lee-way the Ship makes being known. | 
Tn all Cafes, when the Shtp is upon a Wind, Allowance muft be, 
made for her Lee-way 3 but this being greater or lefs, according 
to the Growth and Surge of the Sea, Mould and Trim of the Ship, 
Sail fhe beats, and Streis of Wind, it will be very proper for the 
young Navigator to get the Affiftance of fume Able Sailor, with 
whofe Felp, and a little Experience, his Judgment will be fo forti- 
fied, that he will feldom fail of making a good Allowance. \_ 
ee ee eg ae 7 Se 


bp Bye y 
abe “J 


=~ 
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5 FOC Cs eee conittl sce oe ae 


Of Currents, avd how to allow for them 
| 3 Definition. ti 


| URRENT S are certain Settings of the Stream, by the 
Means of which, all Bodies moved therein are compelled to 


alter their Courfe, and fubmit to the Motion imprefs’d upon them — 


by it. | ) 
ai ; Whence, ) 

Corol, , gare reheat 

aff. Ifa Current fets with the Courfe of the Ship, it augme 

her Motion, by as much.as is the Drift or Rate of Driving = 


iv 


ae 


Example. 


Thus, if a Ship fails NNE. 20 Miles,.in a Current that fetg 


NNE. 8 Miles in the fame Time, her true Courfe will be NNE. 28 
Miles in the fame Time: But, | Ben's 

2, Ifa Current fets againft the Ship, it leffens her Velocity. by 
juft fo much as is the Current’s Drift. _ ong 


| Example 1, | Bao 
So that if a Ship fail NE. 49 Miles in a Current that fets SW. 
10 Miles in the fame Time, then her true Courfe willbe NE 39 
Miles... But fe Se eae 
a aie eed | Example 2. | Sy aprare 
Tfin the. Time that the Ship fails NE. 49 Miles, the Current fets 


SW. 59 Miles, then the Ship will fall a-ftern, and her true Courfe 


would be SW. 10 Miles.. But aicl 
3. If the Ship thwarts the Current, it not only leflens or augments 
her Velocity, but gives her a new Motion, compounded of thas of 


the Ship and Current, as is manifeft from the following 
| : ? Tei 20 Sa 0k: EEE es 
_p if. a Body be agitated by two Motions at 


the fame ‘Time, the one with a certain Velo- 
city that will carry it according to the Di. 
rection of the Line AB, the Length AB in a 


. certain 


ce ae ee a a a 
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certain Space of Time, the other according to the Diretion of the 
Line AD, with a Velocity that will carry it to the Diftance AD, in 
the fame ‘Time, I fay, that the Rody will defcribe the Diagonal AC, 
and at the End of that T ime will be found in the Point GC. _ 
aarp Ta “Wherefore, eee 
Ifa Ship fails NF. 110 Miles, in a Current that fets SSW. 30 
Milcs in the fame Time, and -her true Courfe and Diftance fail’d 
be required. ie 


eet 
> 


“Geometiically. fat ie a 
1. Set off 4 Points from N. towards B. and 
draw AC equal to’ 110 Miles. — 
2. From C draw CB, parallel to the NNE. 
Line, and equal to 30 Miles. | 


3. Draw AB, which will be the Ship’s true 
Courfe: To find which 
ee Fei gonomettically.— 
In the Triangle ABC are 


CAC £0 2 : 
Given 2<at C 22° 30S and it will be, by Ca/é the 4th of Sei. 8. 
| _ €BG 30 ay | we 
ACLBC: AC— BC: ?t: <A+Bi2< B—A. That is, 


As the Sum of AC and BC r4o —— 241461280 


~~ To their Difference 80 3 RO Sashes pg s8qc0 
~~ Soris the Tangent Type Cet gr eee he ORS ———"_, 10.7013 382 
To the Tangent of 70° 49 Eee sie B 164583002 
Now 78° 45° —7° 49 = 7° SOS CAB. t 
Herceiit appears, that her trae Courfe is NE. 7° 56. Eafterly. | ne 
But for her Diftance it will be, by Café the sth of Seth the ‘Sih, . < 
asp: 8, SA: BCii sy C: AB, That is | o ; 
aes Be Se fis aR 
ak 


or 
~ “e* tt 1 
a ' ro. i. wire ray bets. A. ve OF Ob So 2) 
se E> gl aa wy . ie 1 +; 1's. 4d oe . : i + : Aimee a. 
UL, SERGE ARGS SE See ines a Sey re ae ame eee 
i, — || ~~ + . WI 5 —~ Oo ~~ A ay ad bs +% 


A A Mal 


»_. ee  * eee ae 


As the Sine of the Angle at A 7° 56! Cae —— 9:1399445. 7 
- 'To.the Drift of the Current BC 30 ~ a A77 IDE 
So is the Sine ofthe Angle at G 22° 30’ ——-——— 9. 5328397 


qr 


'To the Diftance run 83, 2 Miles CORO LR, -1.9200164, 
, Example 2. ; : | 


If a Ship from the Latitude 36° 30’ South, fails NE, by N. 40 
Miles, then NE. by E. 36 Miles, in a Current that fets SSE. 20 
Miles in the Time that the Ship fails 38 Miles, and it be re 
quired to find the direét Courfe and Diftance between the Ship and 
her firft Place, as alfo the Latitude the Ship ts in. : 


1. Having conftructed it accord- 
ing to the Direétions given, in the 
former Ca/e. 

Ta the Triangle ACB are 


AC 40 -) tofindAB,& 
Given< <atC 56° 15’ stheAngles at 
BG . 21 05) A and B. 


It will be by Cae the 4th of Sef. 
the 8th. ae 


AC+BC: AC—CB::t,;<A+ <B:t,3 <B— <= A. That is, 
As the Sum of AC and BC 61 05 — 


To their Difference 18 —————. 12776092 
So is the ‘Tangent of 61° eae ae en ee nee | 


H 
«| 


——— 1.78568 57 


Tothe, Tangent of go® oS tee a 9.763.9667 


Now, 61° 52! 4 — 30° 08’ = 31% 44’ = < CAB, t ) 
Ship’s firft Courfe is NE, by E. Fs Es Ans cin herefore the 


For the Diftance, it will be by Ca/e the 1/f of Se. the 8tb, 
s, CAB:CBi;s, ACB: AB, That is, 
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Wd the Sine of the Angle CAB ot ae ——— 5 PesCS SB 


tt srs ie 


To CB ae Drift of the Conrene a1 o5 — —— 1 Jonaea’ cor 
Sois the Sine of the Angle at C 56° 155 ———— —— 9.9198464 


ed 


To the Diftance PU Oi ee Sted 


ie, " 9, In the Triangle BDG are given, i 
“<at 2D 978° 45 ‘e find BD and the Angles DBG and DGB.. 


DG 18 95 
fe Wherelte, 
- As the ae of BD and DG 54 95 


aa 1:7399677 


To their Difference 17 0 ee eee 1-237 4. 
351 is the Tangent of 50° as —~- —————— ———. 10.08 56080 


ees 


To the Tangent of 20° 42” a 9.577 4547 

Hence, the Angle DBG, will be found 29° 55'5 wherefore the 

Ship’s fecond Courfe is E. by N, 7°25’ Eaftwardly ; and confe- 
quently, the Angle ABG = 159° 19’. 


But for BG the Diftance run, it will be, 
As the Sine of the Angle DBG 29° 55’ —~—-—— 9. 6978%41 


To DG the Drift of the Current 18 95 —-——= 1.2776092 
So is the Sine of the Angle BDG 7%° 45’ —— —— 9.9915739 


‘To BG the Diftance ran 37-27°——~ 571 3090 


“le 1 283, 1In the Triangle ABG are given, 


Fh repin 33 28 whence muft be found < BAG and AG, and 


<ABG1 59°19! 


BiG Sy 27 it will be, 


As the Sum of AB and. BG 70 5 5 weet FO, 8181970 


RTE TIA 


Fo their Difference as 99 ee ——_ 0,6009729 

So is the ‘Tangent of 19° 20! $e  e — 9.2612203 
fro the Tangent OF 00? 36 cesarean mms me B,01 36.062 

pein Hence 


ere x8 aos arr 
LOA > aa es ae 


pe 
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Hence the Angle BAG is 10°56’, and pooner the Bear- 
ing of the Ship trom her firft Post is De oe A. mato North erly, 
and-for the Diffance it will Bossa soijo Mid of GD 71 


a) ” 


As the Sine of the Ang! e BAG 10° Sie —— 0. 2789911 


To the Diftance run BG 37 27 —— -— a, 8 5713090 
So is the Sine of the Angle ABG 5 500 4.00 nee 9. 5480240 


To the Diftance between the Ship and her Port 6 9 a4— ui 40341 9 


Now for the Difference of Lati rade it will be, 
As the Radius —— ~ —~--—— 10.0c0acca 
To the Dittance failed 60 2h eer 1.840 3578 
So is the Co-fine of the Courfe 70° 25 5) ee 2 9.3708079 


ees 


1.211165 | 


"To the Diffcrerce of Latitude 1626 —— -—— 

» Hence, ‘becaufe the fail’d’ from a South Latieade Northerly, os 

From the Latitude the fail’d from ——— gor 50 cree 
Take the Difference of Latitude made ao 783 OLSEN 


mee yt 


‘Remains the Latitude pa Ship is in mn, were ot mh aie 13:5. oly. 


Or, 
The Cie Cafe may be confidered, as a Traverfe of Altea Courles, 


And then the ae Eee will be as follows, 7 


“Whence 


Navigation. Ist 
Whence it appears, that the Ship has departed 67.46 Miles from 
her former Meridian + that fhe has made 16.31 Mites of D.fference 
of Latitade; whence it wil be found, that fhe is in the Latitude of 
36° 13’ South; that her direct Courfe is N. 75° 24’ Eaft, or ENE, 
$° 54’ Eafterly, and. that her direct Diftance is 69.36 Miles, agree= 
ing with the former Method of Inveftigation. . 
ive Frample 3. 
A Ship coming out from Sea in the Night, has Sight of Sei//y 
Light, bearing NE. by N. Diftance 4 Leagues, it being then Flood 
- Tide, fetting ENE. about two Miles an Hour, the Ship: running 
after the Rate of 5 Knots an Hour; I demand upon what Courie 
fhe muft fail, and how far to hit the Lizard, it bearing from Sei//y 
E. 4°S. Diftance 17 Leagues. ‘pee . 
| Geometrically, (3. | S 
1. Haviog drawn the Com- 
pafs N,E,S, W. Let A re- 
prefent the Place of the Ship 
at Sea, and draw the NE. 
by N. Line AS, equal to 12 
Miles, then will S reprefent> q) 
Scilly, 
2. From S draw SL equal to 51 Miles, and parallel to the E. 
2S, Line, then will L be the Place of the Lizard. . 
_ 3. Draw. LC parallel to the WSW. Line equal to two Miles, 
and CD equal to. five Miles,(and. parallel to it draw AB, till it 
meet LC produced in B; then will AB be the Diftance required, 
and the Angle SAB the true Courfe, A od t) 
Jo jind which by Calculation, | 
1. In the Triangle ASL are given, AS equal to 12 Miles, SL equal 
to sr Miles, and the Angle ASL equal to.118° 7’ 3, equal to 10 3 
Points, equal tothe Diftance between the NE, by N. and W. 7 N. 
Whence to find 1/7 the Angle SAL, it. will be, by the 4th Café 
of Se#, the 8th of Trogonometry. | 


As the Sum of the Sides AS and SL = 63 ———= — 1.993405. 


15910645 


To their Difference = 39 ———e—--——- — 


So is the Tangent of $ the Angles A and L= 30° 56' 9.77762%4 
To the Tangent of half their Difference = 20° 25’ 9.5693525. 


Whence: 


ac) Navigation. 


Whence the Angle A will be found equal to 51° 17', and confe- 
quently the direct Bearing from the Ship to the Lizard, 1s N. 85° 02" 
E. or E. by N. 6° 17’ Eafterly. “And for the Diftance it will be, 


As the Sine of the Angle at Ae guh yt. Lisa 4 9.892232 : 
To the Diftance from Scilly to the Lizard = 51 a OT $702 
So is the Sine of the Angle at 5 =1 135.7 jag ata 54298 


eee SSSA Geet 


i Again, 
in the Triangle DLC are given, the Angle L equal to 17° 32% 
the Dittance between the ENE, and the N. 85° o2"-E. the Side 
CL-equal to the Current's Drift in an Hour, equal to two Miles 5 
and the Side CD, the Ship’s Diftance Tun in the fame Time, equal 
to five Miles; whence to find the Angle at D, ic will be, dy the fF 
Cafe of Sed. the Sth of Trigonouetry, : “th 7 


‘As the Diftance ran CD = 5 Miles Sashes — ne, 0.689709 
_ To the Drift of the Current LC = 2 Miles —— 0.3010300 
Sois the Sine of the Angle at L = 17° 32! —— —— 9.4789423 


To the Sine of the Angle at D= 6° 5 3 —_— 9.0810023 


‘Hence, becaufe the Angle CDL is equa ‘to BAL, the Courfe : 
the Ship muft fteer, is S. 88° 03’ E. « And for-the Diftance it will ” 


be, by Cafe the 2d of Sed. the Sth of Trigonometry,  « 


" ‘Asthe Sine of the Angle atB = 155° 33° —--——~ 9.108944 ‘ 


"Co the Diftance between the Ship and the Lizard 57 65 17507993 


So is the Sine of the Angle at L = 17° 32" -—— 9.478942. 
E64 the Diltancé the mutt {ail 41.95 Miles —— —— 1 6428472 


“So 'that the Ship, in failing 8H. 23 M. S.’S 


will arrive at the Lizard, Bg 


~ 


Tothe Dit. between the Ship and the Lisard'57 65—1.7607671. 


f 


, 


y 
i 


Sais cha want at SP 
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Suppofe. a Ship from a certain Headland, in the Latitude of 
34° 00’ North, fails SE. by S. 24 Miles in fix Hours, in a Current — 
that fets, between the North and. the Eaft; and then the Cape is 
fund to bear WNW. and the Ship to be in the Latitude of 33° 
45’ N. I demand the Setting and Drift of the Current : 

; A >, 


Navigation. 


. Geometrically. 

4. Set off 3 Points from S, towards 
#.. and draw the Line AB equal to 24 

2. Set off 2 Points from EF. towards 
S! and draw the Line AC. 

3. At the Diftance of 15 Miles, equal 
to the Difference of Latitude, draw a 
parallel to AE, till icinteriect AC as ¢ 
in GC, | pa 
4. From the Interfection C, draw CD parallel ta AS, alfo the 
«Line BC, the Drift and Setting of the Current. . 


~ To find which Arithmetically, 
In the Triangle ADC, Right-angled at D, ars given, 
sDC 15 F 
| <A 32° 30! feo find AG. 
Wherefore, S.<A: DC ::R:AC, Thatis, 
JAs the Sine of the Angle at A 22° 30’ ———= ——= 9.5828307 


To the Difference of Latitude 15 ——- ——— 1.1760912 
Sois the Radius - ; a = 10,0000008 


— 


mem men 1.5032 515 


"Eo the Diftance ran 2 . 

Again, In the Triangle ABC are given, 

soy SOGAB DA gs 56 mame: Ci 

tte: 2 A 33° 45’ > to find < BC. 
sagrit) AC 3920 <B,, / 

sited a8 Oe Wherefores 
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Wherefore, 


154 
AB- AC: 
As the Sum of the Sides AB and AC 63.2 — 


To their Difference 15.02 ———~ —— 11818436 
So is the Tangenpof 73° 07’ 3 —= ae 10. 5180608 


To the Tangent of 38° 24’ | —~-———-——. 9.8991873 
Which added to 73° o7’ 3, gives 111° 32’, the Angle at B, 


And hence the Current will be found to fet E, by N. 00° 58’ Nly. 
For BC, the Drift of the Current, it willbe, ©. 
$< Bt ACs, <A; Ben- Dhat ine Patel 


. 


ah 


AC SAB igi <B+<SC:h 7B — = Cee 


oy ' 


‘ 


18007171 
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As the Sine of the Angle at B r11° 32’ —— oma 9.9685783 P 


See, 


To AC the Diftance run 39 02 —--——»__—— "--——_ 1.593251 5 
So is the Sine of the Angle at A 33° 45’ —— —— 9.7447390 


To BC, the Drift of the Current in 6 Hours 2 Syke 1,3694122 
And confequently it fets at the Rate of 3.9 Miles an Hour. 
Several other Queftions might be propofed relating to Currents, 

but thefe being throughly underftood, are fufficient for the Purpofe.. 


ek ae! Cm aN ee 
Of the PLAIN CHART. 


INCE a {mall Part of the Earth’s Superficies does differ very 
, 3 little from a Plain, Ingenious Men were firft led (for ordinary 


Ufes) to defcribe the Sea-Coafts between Places not very remote, — 
on Plans, which they call Charts, in which they made the Degrees. 


of Longitude equal in all Places to thofe of Latitude. Sothat _ 
ail ; A Plaia: 


whe 
( 
i 


y 


| . . Navigation. i Ts 
«A Plain Chart is a Reprefentation of fome fmall Part of the 
Superficies of the Terraqueous Globe, in which the Meridians are 
Sich: bee berks Ube aoe ee £ 
drawn parallel to each other, and confequently the Degrees of Lon- 
gitude are equal in all Parts to each other, and alfo equal to thofe 
of Latitude, and is generally made to ferve for fome particular 
Voyages, but when made, may ferve for any Places whofe Diftance 
does not exceed the Limits of the Chart. 
+] Wherefore, ; | 
__ If it were required to make a Chart that fhall contain 5 De- 
erees in Latitude, and 3 + in Longitude. 


Or which isthe fame Thing, 


Suppofe it were required to make a Chart that fhall ferve for a 
Voyage between the Parallels of 12° 30’ and 17° 30’ North Lati- 


I 


tude, and to contain 3° > of Longitude. 


Having pitch’d upon a convenient Length for the Breadth of a 
Degree, or rather for any proportionable Part of it, 


1. Draw the Meridian MN, and prick off the Number of De- 
grees the Chart is to contain, trom M towards N. And, | 
“9, At Right-angles to the Meridian MN, from the Point M 
‘draw the Line MS, which may reprefent the Parallel of 12° 30’ 
North, and fet off the Number of Degrees it muft contain in Breadth, 
from M towards S.° bs 

3. Through the Point S, draw SQ parallel to MN, as alfo Lines 
paralicl to MN, through the feveral Divifions of the Line Ms, 
‘which will reprefent fo many Meridians. 

4, The Lines drawn parallel to MS through the equal Divifions 
of the Meridian will reprefent fo many Parallels of Latitude. 

5. Each of the Right-angles M,N,Q,S, being divided into8 equal 
Parts, the Lines drawn from the angular Points through the feve- 
ral Divifions, will be the Rhumb-Lines upon the Chart; and are 
of great Ufe for the ready finding the Bearing of Places, as fhall 
be fhewn hereafter. 

Lafily, Having divided each Degree into as many equal Parts as 
its Breadth will admit of, the Chart is render’d fit for any manner 
of Ufe that it may be applied to. And, 

1. To lay down any Place upon the Chart, 

“Ifit be by its Latitude and Longitude. 

1. Through the Degree in the Meridian anfwering to its Lati- 

tude, draw a Parallel of Latitude. nan 


wa 2, Lay 
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“h, Lay a Ruler over the Degrees of Longitude in the Graduated 
Parallel, and draw a Meridian , where this cuts the Parallel before 
drawn, is the Place required. : Sal 
After this Method may any Place be laid down by its Difference 


‘of Latitude and Longitude from any Place in the Chart, viz. By — 


counting its Difference of Latitude from the Latitude of the given 
Place, either Northward or Southward, according as the Cafe res__ 
quires; and its Difference of Longitude, cither Eaftward or Weft= — 
ward, and drawing Lines through the Points fouad as before. 

By the Help of this, may a Map of any particular Country oF 
the Sea-Coafts be drawn, if the Latitudes and Longitudes of the 
Places it muft contain be knowri; or their Difference from any 
Place whatfoever. ; ‘i 

By the Jnverfe Method, v/z. by drawing Lines parallel to the 
Meridian, and the Parallel of Latitude pafling through any Place 
propofed, may its Latitude and Longitude be known, and confe- 
quently the Difference of Latitude and Longitude of any two oF 
more Places propofed. 

a. If it be by its Bearing and Diftance from any Place, . 

After having found out the Rhumb-Line, anfwering to the Bears - 


+ 
ee 


ing given, through the Place propofed, and parallel to the Rhumb, - 
draw a Line, and fet off upon it the Diftance given in Parts of the 

Graduated Meridian, and the Point thus found will be the Place 

required, eeu, 

By the Inverfed Method, may the Bearing aad Diftance of any two: 
Places in the Chart be known, viz. by taking their Diftance be-— 
twixt the Points of the Compafles, and applying it to the Meridian 
in order to find the Miles, and by obferving which of the Rhumb=— 
Lines is parallel to it, in order to difcover the Bearing. 

By the Help of this may the induftrious Sailor difcoyer upon 
what Courfe, (if poffible) and how far he mouft fail, to arrive at 
his defired Haven; as alfo to lay down his feveral Runnings, an : 
thence find the feveral Places that he arrives at inthe end; ae 
‘be able to alter his Courfe a-new, in order to gain any Port in the - 
fhorteft Time poffible. But a 

Tho’ this Way is very expeditious, yet I would not advife the 
Young Student to acneas altogether upon it, but rather to keep 
the Account of the feveral Runnings in Numbers, finding the fe- 
veral Eaftings, Weftings, Northings, or Southings, and Tabulizing 
of them according to the former Methods. and then if at any 
Time . 


—$—$S— 
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"Time his Coriofity fhall Tead him to examine how exact he ha 
been, it will be of great Ufe to him. 

3. Ifthe Beatin “and Difference of Latitude be given, | 
Count the Difference of Latitude cither Northward or South- - 
ward, (as the Cafe requires) on the divided Meridian from the 

sven Latitude, and draw the Parallel paffiog through the fame, and 
jay a Ruler over the Place, and parallel to the Rhumb-Line given, 
where it cuts the Parallel before drawa, it gives the Place required. 
“A Tf it be by the Diftance and Difference of Latitude, 
Having drawn the Parallel as before (by the Help of the Dif- 
ference of Latitude) take the Difance between the Points of the 
Compafles, and fetting one Foot in the Place given, with the other 
crofg the Paralle] before drawn, and you'll have the Place required. 

5. If it be required to lay it down frora the Courfe and Departure, 
~ Count the Departure in the Graduated Parallel from the Meri= 
dian pafling through the Place given, cither Eaftward or Weftward, 
(as the Cafe requires) and through that Point draw a Meridian, and. 
where the Courfe interfeéts, it will be the Place fought. 

6, Ifit be by the Diftance and Departure, 

By the Help of the Departure, draw the Meridian proper to 
the Place you would find, then with the Diftance of the two Places, 
between the Points of the Compaties, ferting one Foot in the Point 
given, turn theother about, till it. interfeét the Meridian laft found 
in the Place fought. 

It would be needJefs to illuftrate thefe Propofitions by Exam- 
ples, fince he that underflands what went before, will find it no 
matter of Difficulty to refolve either of thefe, or any other of the 
fame Nature, with thofe that have been propofed in Sailing, by 


the Help of the Chart only. 
s. “hs Or on g PAgey' A BB 


W Fitherto we have confidered the Superficies of the Earth as 

“pa Plain, and the Meridians as parallel to each other, and 
confequently the Degrees of Longitude equal to each other in all 
Places, and equal to thofe of Latirude 3 which tho’ it be notortoufly 


falfe initfelf, yet when a Voyage is performed neat the EXquinoctial, 
cfpecially if a Man 


yefurm 


ora large one divided into feveral {mall ones, 
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Navigation. . 

return home in or near the oppofite Rhumb, a tolerable good Ac= 
count may be kept thereby. For, . ey hit 
That the Degrees’ of Longitude grow lefs and lefs, the nearer 
you approach the Pole, (as we have before hinted) 1s manifeft from 
out prog: estoloM Soothe annex’d Pigare;in which P sreprefents 
PBs at the Pole, POM a Quadrant of the Meri- 
dian, CM the Semidiameter of the Equa-° 

tor, and NO the Semidiameter of any Pa- 

rallel of Latitude, which is to the Semi- 

diameter of the Equator, as the Sine of 

the Arch PO, to the Sine of the Arch 

wy | PM; that is, as the Co-fine of the Lati- 

ra Rar wy tude to the Radius. _ 

Now, fince the Circumferences of all 

Circles are as their Radij directly, and that like Parts have the 
fame Proportion with their Wholes, it follows, that the Breadth 
of a Degree of Longitude, in avy Parallel of Latitude, is to the 
Breadth of a Degree in the Equator, as the Co-fine of that Tati- 
tude is tothe Radius; and confequently fo are the Milesinone to 


the Miles in. the other. 
PROBLEM I 


‘If the Difference of Longitude between two Places, both in one 
Parallel or Latitude be given, to find the Diftance between them ; 
That ts Ee / | Manes 9s 

“If a Ship in the Latitude of 49° 30’ North ot South, fails di- 
rely Eaft or Weft, until her Difference of Longitude be Cth og 
and it be required to find her Diftance fail’d, 53 


Geometrically, 
1. Having drawn the Line 
AP equal to 90°, make PM 
equal to the Sine of the Com- 
plement of the Latitude, and 
defcribe the Arches AQ, and 
MN. Paes Gt. 
2, With the Difference of 
Longit. converted into Miles, 
taken 
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taken off of the Line of equal Parts, between the Points of the 
Compafies, fetting one Foot in A, with the other crofs the Arch 
AQ in Q,_and draw PQ , and where it cuts the Arch MN as in N, 
draw the Line MN, which will be the Diftance required. 


To find which Numerically, it will be, 
PA:PM::AQ:MN. Thetis, 


As the Radius a em 100000000 


Bee, 


9.812544 
pares 2.3222193 


een 


To the Co-fine of the Latitude 49° 30’ 
So are the Miles of Longitude 210 


To the Miles.of Diftance.run 136.4. —>---—— 2. 347637 
Perret L Ei IL 

. If the Diftance in any Parallel of Latitude be given, to find. the 

“That is, | 


If a Ship fails 156 Miles Eaft or Weft in the Latitude of 47° 15’ 
North or South, and it be required to know how much the has al~- 
tered her Longitude... | : 


Difference of Longitude. - 


Geometrically, 

Having made as before PA 
equal to the Sine of 90, and 
PM equal to the Co-fine of the 
Latitude, and drawn the Arches 


~MNand AQ, make MNequal reed bra Wane seston 
to the Diftance run; and hav- A, a a Q 
ing drawn PN, produceit till, 9° 20 eS 
it cut the Arch AQ in the EERO UNE age 4 8 


Point Q, and draw the Line 


~ AQ) which will be the Alteration’ of Longitude. 


“And’to find it Numerically, it will be,. 
PM:PAi:MN: AQ. 


ae 


ai 
Did 
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‘That is, 
As the Co-fine of the. bad ay I 5 ——-———— 0. 8317425 


'To'the Radius’ — a “yElOOLOdOO 
So are the Miles of Diftance I eat ———— 21 931246 


SSS EES 


To the Miles of Longitude 229.8 ——~--—~——~ 2. eA ts 


Which, converted into Degrees, makes 3° 49' F 


‘$0 that io failing but 156 Miles Hate in n the Latitude of 47° i 9° 
a Ship will alter her caaeule 32 49! + 


PROS DT 277 iit. 


Tf the Diftance fail’d under any Parallel of Latitude, and the 
Difference of Longitude were given, to find the Latitude. 


\ 


"That. iS, 
Tf Ship in failing 980 Miles Eaft or Weft, alters her ues 
tude 6° oo’, and the Latitude the isin be required. LD 9 


P 


Geometrically. 


1. . Make PQ and PA each equal — 


_ given, 


Pa 


Q to M, and draw MN parallel to 
AR then will NQ be the Sine of - 
QQ. the ‘Complement of the. pata, 


To find which ‘Aritbnhtsiclly ‘it will be, 
AQ: MQ::PQ: NQ. That se : | 
As the Difference of Longitude i in Miles 360 + 2. = 8. 565005 


To the Dittance runwbopen* creer 21255272 RO 
So is the Radius ——-——-—-—-—- —— T0,0c00C00e 


al 


 'To the Co-fintt “i the Tatitode 60° CO! =————— 9:0 9897084 
* Abt by 


to 90° of the Line of Sines, and NO 
equal to the Miles of Longitude 4 


9, Set off the Diftance run from — 


: 


; 


Pt j 
| are In, 


Complement of the Latitude they failed © 


_deferibe the Arches NM and OR. 


given, and draw PM till it interfect the 
Arch OR as in R, and draw OR, which 
will be the Diftance required. 


Navigation. | I6r 
So that if in the Time that a Ship fails 180 Miles, the alters her 


Longitude 6° co’, the is under the Parallel of 60° 00’, Nth. or Seb. . 


PROBLEM IV. 


_ Suppofing two Places under the fame Parallel of Latitude dittant 
220 Miles, and two other Places under the fame Meridians with 


the former, differing in Latitude from the former 4° 20’, and the 
- Diftance of the two laft Places were required. 


| That is, 
If two Ships in the Latitude 45° co’ North, diftant 220 Miles, 


fail both directly North 260 Miles, aud it be required to find 
their Diftance afunder, 


Having reduced the Diftance failed into Degrees, and added it 
to the Latitude they failed from, in order to find the Latitude they 


Geometrically, 


1. Make PN equal to the Sine of the 


P 


from, and PO to the Sine of the Comple- 
ment of the Latitude they failed to, and 


2. Let NM be made equal to the Diftance 


And to find it Numerically, it will be, 
-PN: PO::NM:OR. That is, 
As the Co-fine of the Latitude they fail’d from 45°00’ 9.8494850 


To the Co-fine of the Latitude they fail’d to 49° 20’ 9.8140192 
So is their Diftance firft given 220 -—-~ : 2.3424227 


To their Diftance required 202.7 aris ce 2. 3069569 
7 x Tho’ 


— 


7. = 
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Though there are other Queftions of this Kind, yet he that’ 
throughly underftands what has been faid upon this Subject, wilt 
Gnd no Difficulty in refolving any other that can be propofed. 
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Thongh this Table be made only to whole Degrees of Latitude, 
yet it will not be difficult to make it ferve for any Latitude whatfo- 
ever; by faying, Ast Degree to the Difference between the next 
greater and lefler Tabular Latitude, fo is the Excefs of the Lati- 
tude propofed above the next lefs Tabular Latitude to a propor- 

sin tionable 
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‘tionable Part; which being fabtraéted from the Miles anfwerirg 
to the next’ lefs Tabular Latimde, will give the Miles anfwering 
to the Latitude propofed, 

OB: ede ARIE Gk Thus, 


‘If it were required to find the Miles anfwering to a Degree of 
Longitude, in the Latitude of 51° 32', it will be, 

“As 1 Degree, or 60 Minutes, is to $2, the Tabular Difference 
between the Milcs anfwering to 51° and 52°, fo. is 32’, the Ex» 
cefs of the Latitude given above §1°, to 43.73 which therefore 
fabtraéted from 37.76, the Miles anfwering to 51°, gives 37.32, the 
Miles anfwering to 1 Degree, in the Latitude of 51° 324 / 


By the Help of this Table, it will be eafy to convert Degrees 
of Longitude into Miles of Diftance, or Miles of Eafting or Wett- 
ing into Degrees of Longitude, in any Latitude whatfoever. 


For, 


1. If it were required to convert Degrees of Longitude into Miles 


of Diftance, it will be, its 
As1 Degree to the Miles anfwering thereto in the Latitude pro* 


pofed,, fo is the Difference of Longitude to the Miles of Diftance. 
Wherefore, 


“Tf two Places lic Eaft and Weft of each other, in the Latitude 
of 43° 20’, whofe Difference of Longitude is 2° 27% and it be 
required to find the Diitance between them, having found out the 
Miles anfwering to 1 Degree, in the Latitude of 43° 20’, viz. 
43.64, .it will be, , et ee / 
As 60 Minutes to 43.64, fo is 2° 27’, or 147’ Minutes, to 106.92 
_ Miles, the Diftance between CRIT oe ‘- tp 0) 


> 


: . Again, . 
2. Tf it were required to convert Miles of Fafting and Wefting 
into Degrees of Longitude. oi 
Having found out in the Table the Miles anfwering to a Degree 
of Longitude, in the Parallel under which you fail, it will be, 
“As the Tabular Miles to 1 Degree, fo are the Miles you have 


faid, to the Degrees of Longitude: 
: m 2 T huss 
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Thus, 


Sup pofe I have failed 104 Miles, under the Parallel of 43° 30’, 
and it be required to know how much I have altered my Longi- 
tude, it will be, 4 

As 43.52, the Miles anfwering to 1 Degree, in the Latitude of 
43° 30’, to 104 the Miles of Diftance, fo is 1 Degree to 2° 23, 
the Difference or Alteration of Longitude, and fo for the reft, 


By the Help of this Table, may all the Problems propofed ii 
this Section be eafily refolved; but this I leave to Exercife the 
Ingenuity of the Young Student. : 


SE CT. Vit 
Of Mercator’s Sailing. 


j Hoever conceives the Superficies of the Terragqueous Globe-to: 

V We be invefted with a Rete or Net, compofed of Meridians and: . 
Parallels, cannot but eafily apprehend, when the fame comes to — 
be extended ona Plane (and: fo diftorted, as to make the Meri- 
dians become parallel to each other, and the Degrees of Longi- 
tude every where equal to each other, and to thofe of Latitude) 
that very great and notorious Errors will unavoidably follow. 

For fince (as we have already proved) that the Parallels de- 
creafe inthe Proportion of the Sines of their Diflances from the 
Pole; or, which is the fame Thing, That a Degree of Longitude’ 
under any Parallel, isto a Degree of Longitude under the Equator,, 
as the Radius to the Secant of its Dittance from the Equator, 
‘The Reprefentation of Places in this Chart remote from the E.qua-. 
tor, will be fo diftorted, that (for inftance) an Ifland in the Lati- 
tude of 60 Degrees (where the Radius of the Parallel is but half 
fo great as that of the Equator) would have its Length from Eaft. 
to Weft, in comparifon of its Breadth from North to South, ree 
prefented in a double Proportion of what indeed it is; (as Mr. 
Wright very well obferves in his Correion of Errors in Navigation, 
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To rectify which, amongft many other Tnconventences, he there 
takes Notice of, and to contrive a Projection 77 plano, that might 
be liable to none of thefe, was the great Study of many of the An- 
tients; and tho’ a Method was hinted. by Piolomy himfelf, yet it 
was never happily accomplifhed, ‘till undertaken by our ingenious 
Country-man, Mr. Edward Wright, \ 

Which he did by letting the Mcridians remain parallel as be-. 
fore, and protracting the Degrees remote from the Equator, in. 
like Proportion with. thofe of Longitude...) 5 

we Gc sed ee 

By making a Degree of Latitude fo protracted, to a Degree of 
Latitude (which is every where equal to a Degree of Longitude in 
the Fquator) as the Radins to the Sine of the Diftance of fuch Pa- 
rallct from the Pole; or, as the Secant of its Diftance from the 
Equator. The Reafon of which. is manifeft, from the following 
Figure. 

AN here the Arch PTA reprefents a Quadrant M 
of the Meridian, P the Pole, CA the Semidia- 
meter of the Equator, and NT the Semidiame- P 
ter of any Parallel of Latitude, which is to the 
Semidiameter of the Equator, as the Sine of the 
Arch PT is to the Sine of the Arch PA ; that ts, 
as CS to CA, as hath been already proved. 


From A draw AM parallel to CP, or perpen- c 
dicular to CA, till it meet CT produced in M. 


And becaufe NT equal! to CS, is fuppofed every where equal to 
CA, and that CS is to CA, asCT is toCM 3 when CS becomes 
equal to CA, CT will become every where equal to CM ; that is, — 
the Semidiameter of the Meridian in any Parallel, is equal to the 
Secant of the Diftance of fuch’ Parallel from the Equator. 


Whence it follows, 

1. That a Degree of the enlarged Meridian, is every where equal 

to the Secant of the Arch contained between it and the Equator. 
9. That its Diftance from the Equator, fhall be equal to the Sum 

of all the Secants contained between it and the Equator. 

3. That the Diftance of any two Parallels on the fame Side of 
the Equator, fhall be equal to the Difference of the Sum of the Se- 
cants 
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cants of all the Arches contained between each of the Parallels and 
the Equator. But — ena 
4. That the Diftance between any two Parallels on contrary 
Sides of the Equator, is equal to the Sum of the Sum of all the 
Secants, contained between each of the Parallels and the Equator, 
The Effential Property of this incomparable Projection (which) 
in moft Cafes is preferable even to the Globe itfelf) being thus found 
out and demonftrated, the next Thing requifite, was a ready Way 
for finding the Sum of the Secants of any given’ Arch, — 1H 
This Mr. Wright did by the continual Addition of the Secants 
of 1’, 2’, 3'5 49 5’5 Ge. and thence formed a Table for the eafy 
Divifion ot the Meridian Line, which was fufficientl y exact for the 
Mariners Ute. Ly r 
But how to compute independently the Meridional Parts an= 
fwering to any given Latitude, or the Interval between any two, 
was not known, till after the Meridian Line, or Sum of the Se- 
cant, was found to be analogous to a Scale of Logarithmic Tan-- 
gents, of half the Complements of the Latitudes, 
Which was firft difeover’d by Chance, and alterwards proved by 
Mr. “Yames Gregory, in his Exercitationes Geometrice; bat with fuch: 
a Train of Coniequences, and Complication of Proportions, that 
the Evidence of the Demonftratiors was in a great Meafure loft, 
and the Reader tired before he attained it. | Lied { 
After which, the Sagacious Dr. Haley, having very well obfer- 
ved, that in the Stereographick Projecdion on the Plane of the Equa- 
tér, the Rhumb-Lines are proportional Spirals about the Pole, and 
that thence the Differences of Longitude, or Arches. of the Equa- 
tor, are the Exponents or Logarithms of the Ratrenes, of the ‘fe- 
vera! Diftances of the Pole from the Curve, terminated by Lines 
drawn trom the fame Pole, to. the feveral Divitions of the Fqua- 
tor, which Diances arethe, Vangents, of halt the Complement of; 
the Latitude in, the fame Projection: It follows, that the Diffes 
yences of Longitude, are the Logarithms of the Rationes of thofe 
Angles one to another., # | 
- And fince the Nautical Meridian is no,other than a Table of ~ 
the Li ngitudes, raniwering to each Minute, of Latitude on the 
Rhumb-+Line, making.an Argle of 45 Degrees with) the Metidian, 
it is manifeft, that the Meridian is no other. than.a Seale. of the Le- 
garithmic Tangents of the Halt Complements.of the Latitude, 
: | 202 od [ladk poten pLVooeys 
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Vow, Since in every Point of any Rhamb-Line the Differcnce 

of Latitude is to the Meridian Diftance, as the Radius to the ‘Tan- 
gent of the, Angle ‘that’ Rhumb makes with the Meridian ; and 
that thofe equal Meridian Diffances are every where to the Dit- 
ferences of Longitude, as the Radius to the Secant of the Latitude 3. 
it follows, that the Differences of Longitude on any Khumb, are 
Lc earithms of the fame Tangents, but of a different Species, be=- 
ing proportioned to each other, ‘as are the Tangents of the Angles. 
aiadel with the Meridian ot 62M als er 9 || 

a“ | puinhiite Hi dare, 

From any Table of Logarithmic Tatigents, it will be eafy to 
find the Number of equal Miles ‘of Longitude, anfwering to the 
Diftance of any two Points, in the Meridian: of the true Chart, 
and confequently to make a Table for the ready Divifion of the 
fame. For, 

Having determined ‘the Angle which the Rhumb Line makes 
with the Meridian, under which the Differences of the Logarithmic 
‘Tangent are the true Differences of Longitude to every Degree or 
‘Minate of Latitude; it will be, as the Tangent of that Rhamb to 
the Tangent of the Rhumb ander which the Differences of Lon- 
gitude an{wer to the Divifions of the Meridian Line ; fo is the Dit- 
terence of the Logarithmic apie of halt the Complements of any 
two Latitudes propofed, to the Difference of Longitude on the pro~ 
pofed Rhumb, or the Meridional Difference of Latitude between 
the fame Places on thetrae Chart 5 and {o is the Logarithmic ‘lane 
gent of half the Complement of the Latitude of any Place, to the 
Difance cf the fame Place from the Equator. 

Now, If we put Unity for one Minute of Longitude, as in the 
Common Meridian Line ; becaufe the Length of the Arch of one 
Minute, is 000290888, SER iad Index of the Briggs’s Loga- 
rithms (from which U/acy"s\. tables are made) 230258, éc. it will 
be, as 230258, &. to,-290888, €e, fo Is the’ Radius to 1.2633114,. 
€2¢, the Natural Tangent of 517 38" 9", the Angle which the 
Rhumb-Line makes with the Meridian; under which the Common 
Tables of Tangents are the trae Diflerences of Longitudes. 
Wherefore, 

As 1263 to 1 Minute, fo is the Difference of the Logarithmic 

Tangents of half the Complements of the Latitudes of any two 


Places; to'their Meridional Difference of Latitude in Minutes. 
ence, 


ad 
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Hence, and from what has been faid before, it follows, That 
the Difference of the Logarithmic Tangents, or Tangent Comple- 
ments, of half the Complements of the Latitudes of any two Places, 
on the fame Side the Equator, divided by 1263, will give their 
Meridional Difference of Latitude. ; be, i. | 

2. That the Sum of the Differences of the Tangent of 45 De= 
grees, and the Tangents, or Co-tangents of half the Complements 
of the Latitudes of two Places.on contrary Sides of the Equator, 
divided by 1263, will givetheis Meridional Difference of Latitude. 

3. That the Difference of the Logarithmic Tangent, or Co-tan- 
gent of half the Complement of the Latitude, and the Tangent of 
45 Degrees, divided by 1263, will be the Meridional Difference of 
Liatiiede in; Miautess. iterate Matias’ coun 

, Or, which is the fame Thing, Ae a | 

To half the given Latitude add 45 Degrees, and having found 
out the Logarithmic Tangent of the Sum, reject the Charaéteri- 
ftick, and divide the Remainder by 1263, and the Quotient will 
be the Meridional Parts of the Latitude propofed. 

Hence we are taught a ready Way to find the Meridional Parts 
contained between any two Places, or to form a Table for the eafy 
Divition of the Meridian Line in the true Chart, by the Help of the 
Logarithmic Tangents only. 

How the Meridional Parts of any Portion of the inlarged Meri- 
dian Line may be found, from the Length of the Arch irfelf, by 
a direct Method, may be feen in Page 255, &c. of the 1ff Part of 
any Syflens. 
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3535.4 136103 . 07.2 13909 [4013.5 
3516.7 13611.9 9 |3910.8 |4015.3 
3519.2 |3613.5 |< 
35198 |301 5.6 


min. 


A Corredh ‘TABLE of “Meridional Parts. 
Ly a K 


A) min: HE lt | 
30| 3428011 3 599.4 [5616.7 |37142 | 3813.9 1916.0 
; 3815 6 13917.7 
3817.3 3919.4 |- 
3818.9 13921.2 
| 3820.6 [3922.9 
3522 3. |3924.6 |. 
3824.0 13926 3 | 
3825 7. |3928.1 | 
3827.4 |3929.8 |. 
3829.1 13931 5 
3830.7 |393 3.2 |- 


| 44313448. 
pt | ase: 


2) 3644.1 |3742.2 13842.6 !13045.4 |. 
136457 (3743-9 (3844.3 |3947-1 
36.474 A745. 3846.0 39488 
3049.0 |5747-2. |3847.7 39506 |4 
3650.6 } 3748.8 |3849.4 3952.3 |. 
6.1, 3652.2 
7 3653.8 


3959-3 
8 ae O 
3859.5. | 3962.7 | 4 
861-2 |3064.5 
9 | 3066.2 
} min. 
5+ 


x 


ani gypnenaTL EDGE ee a eg he pan fad 
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4411.1 | 4529-4 14651-3 |4777-1 
4413.0 | 4531.4 |4653.4 [4779.2 
4415-0 | 4533.4 [4555-4 14781 4 | 
45 57-5 |4783-5 | 
4418.9 145374 145596 147855 
6 144208 | 4539.4 6 |4787.8 
4422.8 14541.4 7 |4789.9 
4424.7 4543.4 8 147920 | 
1.3 [442-7 |4545-4 8 147942 | 
4428.6 | 4547.4 |4609.9 147963 
4430.6 |4549.4 14672 0 4798.5 |: 
4432.5 |4551-4 1 [4800.6 
4434-5 1455305 1 14802 8 
4436.4 14555-5 {4678.2 |4804.9 
4433 4 4557-5 4807.1 
6 | 4212.1 [4324.5 14440.3 14559.5 |4082.4 [4809.2 |P9) 
4214.0 [4326 5 |4442.3 14501 5 4034.4 [4811.4 [TZ ) 
4215.8 14328 4 | 4444.2 |4563 5 § 1481305 [T° 
4446.2 |4565.6 | 4688.6 [4815.7 | 


44520 145716 
4454.9 14573 6 
8 14450-0 |4.975-7_ 


4230.6 |4343-7 |4459-9 [4579-7 | 
4232.5 14345.6 |4461.9 145817 |14705.3 14 
4234.4 [4347-5 |4493-9 14583 8 | 4707.4 
4236.2 143494 }4405.8 14585.8 


OS ee a pe Oe Be 
ie) eek Se 
x a Vas 


4238.1 143513 
4239-9 143532 
4241.8 143551 
4243.7 |4357-1 


4247.4. [4399.9 
4249.3 4302.8 
4251.1 143047 
4253.0 |4360.7 

4254.9 14368.6 
4250.7 4379.5 


4277.3 |4391.7 
4279.2 14393 6 
4281.1 [4395.6 


4284.9 143994 


3 14286.8 |4401.4 


4268.6 (4493.3 
4260.5 4405-3 
4292.4 '4407.2 


min. 


[4711.6 {4859 4 }3 


4713.7 1484.0 
47158 | 4843.7 
4718.9 [4845 9 
4720.0 |4848.1 
4722.1 {4850.3 
4724.2 | 4852.4 
4726.3 |4854.6 
4728 4 |4856.8 
4730.5 |4859.0 


4738.9 |4867.7 
! 4741.0 1 4869.9 


14743.2 14872.0 


4745.3 |4874.2 
4747.4 | 4876.4 
4749.5 [4878.6 
4751.6 |4880.8 


4758.0 |4887.4 
4760.1 14889 5 
4762.2 |4891-7 


4770.7 |4900.5 
4772.9 |4902.7 


teen ee re 


min. 


188. 4 Correll TABLE of Meridional Parts, | 


| © )4904 9 |5039.4. | 5323-5 
| 114907«1 WAL se 26 5476.6 
5 . | 

| $331.0 


| §/4916.0 [5050.8 151907 | 5335.8 |. 
| 9,4918.2 | 50.53. © | 5338.3 
: 53408 
5343-2 
200.2 15345715497 © 


5355-0 '5507. 
5358.1 1 5510.0 


pErenee 
55255" 
5528.1 
5530-7, 
15.533 3- 
3535 9 159 
5 15538.5 
5541.1 
5543 8 
5546.4 
5549.0 


min. | min, min. 


ae 


Pega t 665 I Ora. 


67 


mins in! min. 


5250.5 | 5398.0 | 5551.6 
52529 5 |5554-2 


5255.3 | $403.0 | 5556.8 


3.1 5257°7 SF |5559-4 


we 5265.0 : 5567.3 


5260.1 | 5408, 5502-1 
5262.5 | 5410.6 | 5564.7 


8° [5267.4 | 5415.6. | 5569.9 | 
7.1 | 52608 | 5418.1 | 5572.6 


5591.0 
5593.6 
5595.3 


EF) 5E 50.5 | 5294. 4 | 5598.9 


5152 9° 5296.6 | 5446.0 | 5601.6 
5155 2 $299.0 


9157-6 


"5301.5 


69 


ad ee |! 


i é mine 


S711. 
5744.5 
5717.2 
5720.0 
5722.7 
5725-4 


57212" 


57309 
5733-7 


5752-9 
5755-7 
5758.5 


min. 


5879.2 
5882.1 
5885.0 
5887.8 


5890.7 | 34 


5393.5 


(5895 4 


5899.3: 
5902.2. 
5995.0 
5907.9 
5910 8 
5913.7 
5916.5 |¢ 
5919.4 


5945.5 
5943.4 
5951-3 
59 54:2 
5957-2 
5960 1 
5963.0 


min. 


19O 
dal i JO 


My} min. 


10] 5995-3 


71 


111§998.2 |6 


6217.0 
6220,2 
6223.3 
6226.5 
6229.6 
G2.3087, 
6235.9 


Senneediaeeeeeed 


min. 


Ws 


me 


ene sa 


73) 74 


min. 
6534.4 (674507 
6537-3 |6749.4 
6541.3 |6753.0 
6544-7 167,56.6 
6548.1 16760.3 


min. 


6561.9 16774. 

65655, \Srs 
6568.8 (6782.2 
6572.2 |67859 | 
6575-7 \6789.5 
6579.2 \6793.2 


4 16582.6 6796.9 


6586.1 6800.6 | 
6589.6 6804.3 
65930 6808.0 
6596.5 ,6811.7 
66000 6815.3 


6503.5 6819.0 


min 


tr 


6607.0 6822.8 
6610.5 6826.5 
6614.0 6830.2 
6617.5 6833.9 | 


min. min, 
Ma, Mistake 


7+ 
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75 
min. min. 
6970.3 |'7210.1 
69742 |72142 
6978.8 | 7218.3 
6981.9-| 7222.5 
6985.8 |7226.6 | 
6989.7 |'7230.8 
69936 |7235.0 
6997.§ |7239 ¥ 
7001.4. |7243.3 
79953 | 7247-5 
7009 2 |7251.0 
7O1Z.E 172558 
7017.0 |7260.0 
7020.9 | 7264.2 
7024.8 |7268 4 
7023.8 7272.6 
7032.7 |7276.8 
7036.6 |7281.0 
7040.6 |'71853 
70445 | 7289.5 
7048.5 7293.7 
7052.4 72980 
7956.4 | 7302.2 
7060.3 |7306.4 
7064.3 |7310.7 |: 
7068.3 |73149 
7072-2 (7319.2 
7076.2 |7323.5 
7080.2 (7327-7 
7084.2 | 7332.0 


76 (Ld 


min. 


76 


min. 


Ao 


ee ee eg) OT a 
Sige pea ea 
a Le bee a eh, ie 


ae ty ate area 
Er rR 


Ri SEs Si ROR oa 
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‘ ——S ee 


6450.6 |6663.3 
6460.0 |6666.8 
6463.3 |6670.4 | 
6466.7 |6673.9 


.9 | 6470.0 16677. 5 


6473.4 |6681.0 
6476.7 (6584.6 


4 '6480.1 16688.2 


6483.5 |6691.7 
6486.9 |6695.3 


0 |6490.2 -}6698.9 


63187 
6321.9 


6325.1 
Pony 
6331.6 


min. 


64936 |6702.5 


6497.0 |6706.1 


6 500.4 |6709.6 
6 503.8 |6713.2° 
6507.2 |6716.8 
6510.6 |6720 4 
6514.0 |6724.0 
6517.4. |6727.6 
6520.8 |6731.3 
6524.2 {6734.9 
6527.6 16738.5 
6531.0 |6742.1 
“min. 


72 


“92 iS ie 


7a. 75 


mia, 


6886.3 7129.3 
6890.8 7124.3 


05.9 


leticnasieeeie eee — I 


7357 8 
7362.5 
7366.4 
7379.7 
7375-4 


7379 4 |: 


7383.7 
7388 1 
7392.4 
7396.5 
7401.1 
7495-5 
7499.9 
7414°3 


min 


— 


a 


as #46700 7744.6. |8045-7 


= 


Pete 


y ooNI nur Fos 62 ms as brs 2 | 3 4 


ae" 


8421.6 ! 03-4 | 97 
| 8427.4. | 8797-4 panes ee Dia 
oe brgreccia 8133.3 | 880%6 [9218.4 | 9688.9 | TO} 
dich are OY ae et eoroee Koarseh 9607.3 | 11 va 
{TU 75104 | 77078 8816.6 | 9232.8 | 9705.7 |12 


6 [8468.6 | 8842.9. 


7598.5. |7886.9. | 820%: 

4 a | i ‘ 
- saptalt in’ |) min, | mip. 
mip! mine | S| 


E Seve ey eae” 
» Me itty” 
: Zs : 


30/7503.2 [7891.9 |$206.6 |8552.4 
ieee 16866 6 (Gara. Sse 
32/7612.4 17902.0 |8217.6 | 8564. 5 
33179:7.0 |7907.0 |8223.1 185706 
4|7621.7 (7912.0 (8228.6 | 8576.7 

7917.1 182341 1852.8 

7922.1 |8239.7 |8588.9 


7927.2 |8245,.2 [8595.1 
8601.2 


793.9-3 
9046.3 
Soro 
9060.3 
BOG 5) 90974 | 95.1007 
2O7 43. 


7998 9 
18004.0 $329.4 
8c09.2 $335.1 
5.8 |80144 8340.8 


9109.7 
9116.8 
9124.0 
OL3ZUL 195 
9138.3 


min, | min. | 


Lye 


1016.9 | 
1014.5 
101 56.1 
10165.7 
101754 
LOLS 5.3 
101 094.8 
10204.5 
1021403 | 
10224.1 
1023 3.9 
10243.8 
102 53.6 
10263.5 
102'73.5 
129283.5 
10293.4 
10303+5 
1031 3.5 


86 
min, 
115325 
11546 9 
11 561.3 
11575. 


8 | 11 590.3 


10822.5 
10834.2 
1084 5.9 
108 $7.7 
10869.5 
10$881.3 
10803.2 
10905.1 
ICQOI7.1 
1C929.1 
1CO4fE.2 
10953.3 


10323.61 J 


10333-7 
10343.9 
103 54.0 
10364.2 


14 | 103°74.5 


10384.7 
10395.0 
1C405.4 
1O41 5-7 
10426.1 


A 


84 


11002.! 


[1014.4 
11026.8 


t1064.1 
11076.6 
11089.2 
TI1O1.8 


TTIi4.5 


—— 


min, 


85 


11605.0 
11619.6 
116344 
11649.2 
11664.0 
11678.9 
11693.9 
11709.0 
11724.1 
aos Nae, 


ae) 
12521.1 
12.541.3 
12560.5 
125799 
12.599 4 
12619.0 
12638.7 


11754.0 | 


11709 9 


11831.9 
11847.5 
11863.3 


12927.2 


£2.948.7 | 


T1910.9 | 


110927.0 
{1959.3 
11943-1 
11975.6 


min. 


Pega 8a 


14756.1 
14792.8 
148 30.0 
54867.6 


min, 
$8 


181 52.5 
182 52.2 
183 54.8 


18450.6| 28 


18569.8| 


min. 


89. 


3 
min. 


———. 


$i) 21127.24 0 
TI140.0 | 1 


111 52.8 
11165.7 
11178.6 


112571 
11270.4 
11283:7 


LT 2-07.03; 


11310.5 


191323.9° 


11 337.4 
113 51.0 
11 364.6 


y € 11 378.3 \/ 


11392.1 
11405.9 
11419.7 
11433.6 


min. 


—= ————— 


13149.1 


131724 
13195.3 
une 


01 13242,1 


88 


— 


min. 


14905.6 
149 44.0 
14982.5 
1 5022.1 
1506 1.9 
1 5102.1 
15142.8 
15183.9 


6} 152256 


13411.0 
13435.9 


.7 | 13460.9 


13486.1 


8 | 13511.4 


135372 
13562.8 
13.588.7 
13014.9 
13641.2 
1 3607.8 
13694.5 


P1397 2135 


13770.1 
13803.7 


13931.5) 


13859.6 
413$87.9 


et ee 


Rie, 4 ¢ 


15267 § 


15353 8 
1 5397.6 
IS441.9 
15456.9 
1 5532.4 
1 5578.5 
I 5625.3 
1 5672.7 
1 5720.8 
15759.6 
15519.1 
1 5860.3 


I $920.2 
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oo a U7 - 


ee 


59 


min. 


oer 


18682.5 


18799.0 | 3 


189197 | 
19944.7 
10174. 4 
PO Oe O35 
19449.6 


202,597 3 2 


20438.6 
2.063 5.1. 
20843.4 
21065.4 
21302.5. 
21 557.3 
#1339,5 
2213.6 
294,59: 3 
29571, 5 
23226.4 
2368 5.4 


27992.1 
3037 5.0 


Navigation. ie 


1S SC TAX... | 


Y the Help of the Table of Meridional Parts, made accord= 
ing to the Principles laid down and demonftrated in the for-_ 
mer Sefion, it will be eafy to give Solutions to all the ufual _ ; 

Problems propofed in Mercator’s Sailing ; and thence to find the © 
true Bearing, Diftance, Difference of Latitude and Longitude, of — 
any two Places propofed: For in, i 


PROBLEM I 


If it be required to find the Meridional Difference of Latid 
tude between any two Places; That is, Made | 


Cafe I. 


If one Place be under the Equator, and the other in North or 
South Latitude, t 

Then the Meridional Parts anfwering to the Latitude propofed, 
will be the Meridional Difference of Latitude. a 


: ; ot 
ry a 


Example. 


Tf one Place be under the Equator, and the other in the La- _ 
titude of 40° 30’, then the Meridional Difference of Latitude will — 
be found to be 2662. 

| Cafe II. re 


td 


If the Places propofed are _on the fame Side of the Equator ; 
that is, if they are both in North, or both in South Latitude; 
then the Difference of the Meridional Parts of each Latitude will — 
be the Meridional Difference of Latitude. 


¥ | Example. "eH 

If one Place be in the Latitude of 5c° 00’ North, and the other 
in the Latitude of 13° 30 North, the Meridional Difference of La- — 
titude will be found to be 2656.9. : | 


: 


~~ Form 


Navigation. 197 


8 For, 
- From the Meridional Parts anfwering to the Leis 
of; 50% 00! 3 - et en 34745 
"Take the Meridional Parts anfwering to 13° 30°. —-~—- 817.6 


\ eemnamnmmntiestiiaiiedt oaetiemaeaieaaa 


There remains the Meridional Difference of Latitude — 2656,9 
Cafe HI, 


‘If the Places propofed are on contrary Sides of the Equator; 
that is, if one be in North, the other in South Latitude; then 

The Sum of the Meridional Parts anfwering to each Latitude 
_ will be the.Meridional Difference of Latitude, 


Example, Te 


But one Place be in the Latitude of 28° 20’ North, the other in 
the Latitude of 35° 50’ South, and it be required to find the 
“Meridional Difference of Latitude, nats 


& i 
Ri tat b 


To the Meridional Parts anfwering to 28° 20’ eLeae 17738 
- Add the Meridional Parts anfwering to 35° 50’ ———— 2305.6 


ESS ey 


The Sum will be the Meridional Difference of Latitude 4079.4 
PROBLEM IL 


If the Latitudes and Difference of Longitudes of any two Places. 
be given, to find the Courfe, Diftance and Defarture. 3 


Example. A Rd HO 


| Ifa Ship at the Lizard, in theLatitude of 50°00’ North, be 
bound to Barbadoes, in the Latitude of 13° 30’ North, the Diff- 
rence of Longitude being 52° 58’, and it be required to know the 
Courfe from the Lizard to Barbadoes, as alfo the Diftance between 
them. 


Geomen 


Navigation. 


‘Geometrically. 


a 


2k 


dit tes 


, Having found the Meridional Dif. ' 
Problem, {et it off from A to 


2. Make DE equal to 3178, the Dif= 
ference of Longitude, and draw AE. 


3. Make AB equal to the Difference gq 
of Latitude, in Minutes 2190,and.draw 
BC parallelto DE; then is the Angle 
at A the Courle,. and AC the Diitance. } 
Yo find each’ of which, Arithmetically, it will be, 

rf, AD :R::DE?t, <at A, That is, 


As the Meridional Difference of Latitude 2g 656, 9. — 34243754 


Ti 


Me 


Diff, ofLong 


To the ie pa Dee a ro occ ae 
So is the Difference of Longitude 3178 ——-———_ 3. 5021 539 


"To the Tangent of the Courfe 50° co’ di bof: 15, 777787 ' 


Or SW.15° 06! Wetterly. 
Wherefore, 


, The direét Courfe from Barbadoes to the Lizard, is North Raft | 

‘5° 06 Eatterly. 4 
_ Forithe Dittance it vill be, 

Sd: cs3 — A: ABSNRY AC. That is, 


As the: Coefine of the. Courfe 50° c6' 9} 8071626 q 


ference of Latitude 2656.9 by the laft q | 


i 
Fae Dnt ma oe 


To the Difftrence-of Latitude 21¢0 ——~ o-— g.34049 I 
nee 1s the: Radins | een ee eos memes “EOIOCCOOCO y 


aw 
eee 3 eo 
EET eT 


To the Diftance CALLA: fis A yn A BaP Se oa ee et 3.5332B15 
Or, 1138 Leagues. * 


ds 


PR O- : 


: 
q 


a i yd 


| Navigation. 
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- If one Latitude, Courfe and Diftance fail’d were iven, to find 
the other Latitude and Difference of Longitude? “hat is, 


Example. 
Ifa Ship from the Lizard, in the Latitude of 50° 00’ North, 


fails SSW. 4 Wefterly 550 Leagues, or 1650 Miles, and it be re- 


quired to find the Latitude the is in, and how much fhe has altered. 
her Longitude. | 


Geometrically. : A 


1. By the Courfe and Dittance given, form the 
Triangle ABC, according to the Directions 
given in Café the iff of Plain Sailing, and 
find the Latitude the Ship is ta, 

2, Find the Meridional Difference of Lati- 
tude AD, by Problem the 1ft of this Section, 
and draw DF. parallel to BC, till it meet AC 
produced in E, and the Thing is done. 


KX 
Arithmetically. ney 
if. R: ACiics, GA: AB, That is, — 


As the Radius ee 10,0000060> 
To the Dittance failed 1650 —- —= ———_ 3.2174839 
So is the Co-fine of the Courfe Ct Ae PE ped er ra 9:9454298. 


ed 


To the Difference of Latitude 1455 ——- ———-—- > 3.16291 37° 


Hence the Ship will be found to be in the Latitude of 25° 4.5’5, 
and confequently the Metidional Difference of Lat. will be 1874.7" 


Wherefore, to find the Difference of Longitude, it will be). 
“R:ADi:t, DAC: DE, That is, 


As 


ee ag 


Now, If the Ship was.bound to Barbadces, and it be required — 4 
to find upon’ what Courfe dhe matt fail, “and how far to go di- ‘ 
merle tiitiiers, Gt ney pee eae eee Ms : 
“ Pecanfe the Differences of Longitude are both the fame Way, 
take the Difference of Longitude made from the Difference of 
Longitude between the Lizard and Barbadces ; and with the Re- 
mainder and the two Latitudes, find the Courfe and Diftance by 


the former Problem... .... - : ae ek 
Po OV eo ive * as 


If both Latitudes and Courfe were given, to find the Diflance, . 


oe 
re 


so | 
| 


and Difference of Longitude. : 


‘Ifa Ship from the Lizard, in the Latitude of 50° 00’ North, 
fils SSW. £ Wefterly, and then by Obfervation is found to be in 
the Latitude of 24° 30’ North, and it be required to know how 
pf the Is from her-taft Port, and how much fhe has altered her 
ongitude. © | Mes eet cot 


Geometrically, gl aos 


1. Having conftruéted the Triangle ABC, by — 
the Help of the Courfe and Difference of Lati- 
‘tude, according to the 24 Café of Plain Sailing. 


9, Make AD equal to the Meridional Diffe- 
ai olor rence of- Latitude obtained by the jirff Problem, 
-—B and draw DE perpendicular to AD, till it meet 
“) “OAC produced; then is AC the. Diftance fail’d, 
—D. and Df..the Alteration of Longitude,  , ., 
T o find which,. Arithimetically, it will be; 


R:AD::t, << DAE: DE. That is, 


Navigation. | ot 


- 


_ As the Radius ns wumnent mamas J O,OOO00CO 


To the Meridional Difference of Latitude 1957.5 3.2917017 
Sois the Tangent of the Courfe 28° 07, ——_ —— 9-7279 567 


eee coms Pie 


. To the Difference of Longitude 1046.3, or 17° 26’— 3.0196 584 
Whence the Diftance may be found as ufual. 


PROBLEM V. 


If both Latitudes and Diftance were given, to find the Courfe 
and Difference of Longitude? peaaahi sd 


- Example. ae 


_ Ifa Ship from the Lizard, in the Latitude of go° 00’ North, 

fails between the South and the Weft, until her Diftance failed be 
2000 Miles, and then is found to be in the Latitude of 24° 00 
North, and it be required to know upon what Courfe fhe has 
failed, and how much fhe has altered her Longitude. 


Geometrically . 


1. With the Difference of Latitude and | 
Diftance, conftruct the Triangle ABC, by © 
the 34 Cafe of Plain Sailing. rane ai 


a, Let AD be made equal to the Meri- 
 dional Difference of Latitude, and raife the 
_ Perpendicular DE, till it meet AC conti- 
nued in E, then is DE the Difference of 
Longitude, and BAC the Courfe, 


To find which Arishmetically, 
E h STAG+RGSLAB sce, <A, That is, 
as ! Ce . As 


RT ee 


As the Dittance failed 2000 ——— ——- = 3.301000 


a 
To the Radius - tn eee mme F0.0000000 
So is the Difference of Latitude 1560 ———m—-——o 3.1931246 


To the Co-fine of the Courfe 38° 457 —— —— 9 8920946 i. 
Or, S.W. by S. 5° 00° Wefterly, a 


Wherefore, for the Difference of Longitude, it will be, 
RipAD: vt, <A DET Thats, 


As the Radius —~— : — 10.0000000 q | 
To the Meridional Difference of Latitude 1960.4 ~~ 3.298940. : 
-§o0 1s the Tangent of the Courfe 38° 45’ —— —— 9.9044910 j | 


ey 


) 
I | 


To the Difference of Longitude 1 59755 or 26° 37" 3,2034314 © | 


PROBLEM VI. | ~~ 


If the Latitude of any Place were given, and its Bearing from 
another, as alfo their Difference of Longitude, to find the Latitude 
of the other Place, and their mutual Diftance, 4 | 
: _ Example. ne : . 

If the Difference of Longitude between the Lizard, (in the La- 
titude of 50° co’ North) and Barbadoes 52° 58’, and the direct — 
Courfe from the Lizard to Barbadoes SW. 5° 06’  Wefterly, are 
given to find the Latitude of Barbadoes, and its Diftance trom 
the Lizard, 9 as ; } 

1. Make DE equal to the Diffe- 

rence of Longitude, and DEA equal 

to the Complement of the Courfe, 
‘and it will be, . | i 


if, Ri ED: :t, <E: AD. 


\., Geometrically. 


+ 


Navigation. 
That is, 


7 As the Radius — rae a ge nnn §TO,0000000 


To the Difference of Longitude 52° 58’ = 3173 —- 3.5021 539 
So is the Co-tangent of the Courfe 52° C6 ————- 9.92227 37 


Semen 


“Po the Meridionel Difference of Latitude 2657.2 —— 34244276 
‘Now, becaufe Barbadoes is to the Southward of the Lizard, - 


Berton tse Meridional Parts anfwering to 50° co! —— 3474.5 
Take the Mcridional Difference of Latitude + 2657.2 


eer 


; There remains the Merid. Parts of the Lat. of Barbados — $17.3 
_ Which anfwer to 13° 30’. 


A rs, hrs ips Again, 
From the Latitude of the Lizard | ae = 50" 00" 
_ Take the Latitude of Barbadocs ——»—-— ——- ——— 13 30 


There remains the Difference of Latitude —— . 36 30 
9. Set off the Difference of Latitude from A to B, and draw 
BC parallel to DE; then will AC be the Diftance; and it will be, 


| Pos ACB: AB eu OAC. \*That is, :» Q 
As the Co-fine of the Courfe 50° 06’ ¢$ 98070870 


' To the Difference of Latitude 2190 ~—--—=- -—- 3.3404441 
So is the Radius 2 nm 10,0000000 


ie | 


wee 


To the Diftance 3414.74 es me 09333571 


Ceca : 4s PRO- 


Pe tan  mer et “ ~ 
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Let us now fappofe a Ship in the Latitude of 50° 00’ North, 
to fail firft SSE. 4 E. 34 Miles, then SE, 4 E. 52 Miles, then 


t 


ESE. 4 E. go Miles, and let it be required to find the Latitude — 


the Ship is in, and how much fhe has altered her Longitude ? 


Becanfe the firft Courfe is SSE. 3 E. 34 Miles, it will be, by 
the 38 Problem of Mercators Sailing, : 


As the Radius —— 


Ae OR 


To the Co-fine of the Courfe 28° 07’ ——- —— —— 9.9454636 
So'is the Diftance failed 34. ———-—_——=» 1.5314789 


To the Difference of Latitude 29° 99’ sais 


and confequently the Meridional Difference of Latitude will be 
46.5 Miles. | | 
Whence, to find the Difference of Longitude, it will be, 


Ais the Reavis sxc ee ee ee w——- 1I10,0000000 


To-the Tangent of the Courfe 28° ov” ——— 
So. is the Meridional Difference of Latitude 46.53 —~ 1.6674530 


See 


To the Difference of Longitude 24.85 


fingle Courfe will be found, as in the following ‘Table. 


The Traverfe Table. , 
Diff. of Lat. | Diff. of Long.| 


Courles. ot Parts | Dit. 


TSE PE. |" 42 | 52 | = |32.99 | —— [6178 
ESE. 3 E. 6 = | 92 | }30.99 131.02 


i Dithot Lat.| 93.97 | D.Lon.218.55) 
Whence 


———- ———_10.0000000 


————— 14769425 
Whence the Ship will be found to be in the Latitude 49° 30’ N. By 


97278048 © 


=——' .8.39.5257% ae 
After the fame manner, the Difference of Longitude to every 


4 
‘3 
t. 
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Whence it appears, that the Ship has altered her Longitude 
218.55 Miles; that fhe is got into the Latitude 45° 26’ North: 
and confequently her Meridional Difference of Latitude 1s 144 
Miles. 

Whence, to find her dire&t Courfe, it will be, by Problens 
the 2d of Mercator’s Sailing. 


| As the Meridional Difference of Latitude 144.0 —— 2.1 583625 


— a 


2.3395508 
a eet oes J O,COOO000 


ee) 


10.1811883 


To the Difference of Longitude 218.55 ——— 
So is the Radius —— 


To the Tangent of the Courfe 56° 37’ ——— 
And to find the direé&t Diftance, it will be, by the fame Problen, 


As the Radius —————-——-——-— ——= —O,CO000C00 


eee 


To the Secant of the Courfe 56° 377 —— ——— 10.2594495 
So is the proper Difference of Latitude 93.97 —— 1.9729892 
To the direct Diftance failed 170.78 —— — 2.2324.387 
So that the Ship’s direct Courfe is found to be S; 56.37 EB. or 
| SE. by E. 0° 22’ Eaft, and her direé&t Diftance from her firft Pore 
is 170.78 Miles. | 


. Asthis Method of computing the Difference of Longitude to 
every fingle Courfe may be thought irkfome, I have calculated 
the following ‘Tables, by which the i te of Longitude may 
be had by Infpection, in a Manner as eafy as the Departure is ob- 
tained in the Common Traverfe Tables, as will evidently appear, 
when I come to thew their Ufe. 


= 


A TABLE 


DIFFERENCE 


Latitude zd Longitude . 


b 


To every - 


‘Point, Half Point, and Quarter Point 


Very ufeful for the ready and expeditious Work- 
| ing of Traverfés upon the Principles of Merca- 
tor’ s Sailing; whereby the Difference of Longitude, 

as wellas of Latitude, for every fingle Courfe and 
_ Diffance may be had by Infpedtion. , 


. 
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Poi 2 Point... 
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09 99}96 16 
UI 981 OO 39 
02 97 fete) 45 
a3 96 |°O 49 
04 95 OS 74 
05 94 ;99 89 
06 92/03 04 
07 gf |OL Ty 
03 90 0! 34 
09 89 at 48 
10 88 oF 63 
Ir 87 o1 78 
12 86 91 93 
13 85 02 07 
14 8402 22 
19 83 02°37 
16 $2102 52 
17 80,02 67 
18 7 Ox $2 
ig 7 02 97 
20 77 93 II 
21 76193 26 
22 75 103 41 
2374493 55° 
24.73/93 79 
25 72143 8) 
26 79104 09 
27 69104 15 
| 28 °68104 30 
29 67104 45 } 
30 66)04 59 
} 34 65|04 74. 
| 32 64) 04 89 
33 63405 03 
34 62/05 18 
35 61105 33 
36 §91°5 48 
37 58)95 63 
38 571/05 78 
39 §$7}°5 93° 
———e ————ae 
{| 4° §6}06 07 
4I §5|°6 22 
42 54106 37 
43 $3}06 51 
44 52 06 66 
45 51}06 81 
46 49}°6 96 
47 48}07 11 
48 47 |97 26 
49 45|°7 42 
D.La.| D.Lo, 
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O.9 oo ainpw vel 
No oon] alte me? 


re) 


ee en tic! 
se ee | 


» u » ia VN _— _ 
ISSS3 RIESRAS SAYS RENEE BS SIRES SE SES BISES BEI 


~ | DLa, | D.Lo, 
Moat Ont. = 


+ Point, 
D.La? | D.Lod | 
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= Point. | 


‘D.La, 


§0 7§ 
SE.75 
52 75 
53 74 
54 74 
$5.73 
$6473 
$7.72 
58 72 
59 73 


60 71 


61 70 


D. Lo. ‘ 


05 02 | 


oF 12 
5 22 
og 31 
OF 4t 
OF §1 


OF OF 
O§ 71 
05 81 
OF 91 


06 00 


, OG JO 


06 20 
06 2 
06 39 
06.49 


06 §9 
06 69 


96 79 
06 &3 
06 99 
07 09 
07 19 
07 28 
O7 38: 
07 48 
07 58 
07 68 
07 78 
07 88 


me of Latitude avd Longitude. 


‘ 2 Point. 
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59 45 
51 44 
52 43 
53 42 
54 41 
55 4° 
56 38 
57 37 
58 36 
59 35 
60 34 
61 33 
62; 22 
63 31 
64 30 
65 29 


-| 66 27 


67 26 


| 68 25 


69 34 
7O 23 
71 22 
72. 21 
73 20 
74 19 
75 18 


| 76 16 


97 1 
78 14 
79_13 
Bo 12 
$1 It 
83 10 
83 09 
ba 5 
85 07 
86 06 
87 of 
88 04 
89 03 
go o2 
ot O1 
92 0 
92 99 


ies 


.07 $7 
O07 72 
07 87 
08 of 
08 16 
08 31 
08 46 
o8 6 
08 76 
08 90 
09 Of 
09 20 
09 35 
©D 49 
09 64 
09 79 
99 94 
Io a9 
Io 24 
19 38 
To §3 
To 68 
10 83 
10 97 
II 42 
If 27 
if 42 
Il §7 
hoa. 
11 87 
12 OF 
[2 16 


rm 3r] 


12 45 
12 60 


12 75 
12 90 
13 05 
13 20 
13 35 


03 49 
13 64 
13 79 
13 93 
14 0$ 
14 23 
14 38 
14 $3 
14 68 
14 $3 
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1 Point. : 


ee 
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f° 02 10 15 

; 10 35 
1 19 §§ 
| 10 75 
y tO 94 
1 Ir 14 
PI 34 
i, 1l 94 
| 11 74 
8 85 J Al 94 
12 14 
Ta 34 
fF 12 $4 
11273 
12 93 
idan (2 
12,32 
| 13 52 
} 13 72 
12 92 
114 12 
p14 32 
f 14 $2 
114 71 
14 91 
If 11 


115 51 
p 19.71 
jis 9t 
y 16 11 
116 31 
| 16 §1 
} 16 70 
16 90 
17 Io 


85 33 ({ 17 30 
86 31 | 17 es 
87 29 | 17 70 
88 27 | 17 90 
89 25 | 18 30 
99 23 | 18 30 
gt 21 | 18 50 
gz 19 | 18 69 
93 17 | 18 89 
94 16 | 19 99 
95 14 | 19 29 
96 [2 | 19 49 
97 10 | 19 69 
19 89{/£00 


1 Point. 


fis 31] 


99 
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$4.1 52 38 | 13:53 
55 | 53.35 | 13 78 
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83°] 80 51 | 2079 
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85 | 2 45 | 29 
1 86 | 83 42 | 21 54 
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4 88 85 36 | 22 4 
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may all the Problems, which come properly under the Head 
of Mercator’s Sailing, be readily folved by Infpection. “a 


For Example. 


in, and how much fhe has altered her Longitude. | 
Becaufe NE. by E. is 5 Points from the North on the Right- 


of 
ter | 
1 


4 
the Latitude the Ship isin. ‘The Meridional Parts an{wering to. | 
61° 11’ are 4672.0, and the Meridional Parts anfwering to 60° 36° 
are 4600.0; whence the Meridional Difference of Latitude will be — 


Column intitled D. Lo. under 5 Points, you will find 107.75 Miles. 
for the true Difference of Longitude. nea | _ 
Let us now iuppofe the Ship in the Latitude of 60° 36’ North, 
to fail SE. by E. 63 Miles, and let it be required to find the La- 
titude the Ship is in, and how much fhe has altered her Longue i 
;  Becante 


* 


The Ufe.of the Tables. ~ 225 

Becanfe the Courfe the Ship has made forms the fame Angle 
with the Meridian, as in the former Example, and the Diftance is 
ftill the fame, the proper Difference of Latitude will be found the 
fame as before, 35.00 Miles; this therefore fubtraéted from 60° 
36’, the Latitude the Ship failed from (inafinuch as the Latitude is 
North and the Courfe Southerly) will leave 60? o1’ {or the Lati- 
tude the Ship isin. The Meridional Parts anfwering to 60% 36’ 
‘are 46.0c0; the Meridional Parts anfwering to 60° o1" are 4529.43 
whence the Meridional Difference of Latitude will be found to be 


— 90.6 Miles: Entering then the fame Column of Diftances with the 


Number 70, right under § Points, you will find (making a pro- 


_ portional Allowance for §) 10866 Miles for the Difference of 


Longitude in this Cafe ; more by 2.09 Miles than in the former 


| Example, although the Courfe and Diftance are the fame as to 


Quantity, | 
For a third Example, \et the Tr raverfe in ‘Page 204 be propofed, 


_ where the Latitude the Ship failed from was 50°00’ N orth, the firft 


Courfe SSE. + E. 34 Miles, the fecond Courfe SE, + EK. 52 Miles, 
the third Courfe ESE. + E, 92 Miles; and let it be required to find 
the Latitude the Ship is in, how much fhe has altered het Longi-. 
tude, and her Bearing and Diftance from her firft Port ? 

Becaufe the firft Courfe is SSE. 4 FE. Diftance 34 Miles, enter 
the T'able in Page 212, with the Diftance 34 in the firft or laft Co- 


_ fumn, and right againft it, under 2 } Points in the Column intitled 
_ D. La, you will find the Difference of Latitude made to be 29.99 
_ Miles; this being fubtraéted from 50° 00’ N. the Latitude depart- 


ed from becaufe the Courfe is Southerly, will leave 49° 30' for 
the Latitude the Ship is in; whence the Meridional Difference of 


Latitude will be foundto be 46.5 Miles: Entering again the firft or 


laft Column of the fame Table with 46.5, you will find under 2 4 


Points in the Column intitled D. Lo. 24.85 Miles for the Difference 
_ of Longitude. | 


_ Again, becaufe the fecond Courfe SE. E. and the Diftance 52 


Miles, entering the Tab/e, Page 217, as before, with the Diftance fail- 
ed, in the Side Column under 4 £ Points, the Courfe you will find 
the Alteration of Latitude to be 32.99 Miles; whence the Lati- 
tude the Ship is in will be found to be 48° 57’, and confe- 
quently the Meridional Difference of Latitude will be 50.5 Miles: 


_ Entering therefore again the eee Table with the Meridional Dif- 
¥ ‘ ny fF: 


ference 


it 


C » 


4 
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ftance 92 
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thave North 56° 39’ Weft forthe true Bearing, which fhews thac 
the direct! Gourfe-the Ship has made is South 56° 39° Eicon SE. 
by E. 24-Minutesi Eaflerly,; differingebut two. Minutes from» the 
Courke obtained by\ Ca/cwlation; in Page 20§e ot) 19) of asia 
‘Again, with 36, the fourth Part. of the Meridional \ Differenec 
‘of Latitude, chtering the Column D. Las under § Points, I<find 
that che neareft’ Number to 23!49, the fourth Pare of the proper 
Differences of Latitude is.293$3,. which dtands againtt. 42 ini the date 
Golumn, and by making a proportiohal Allawance dari 0.16atser 
‘feck, it will anfwer to 42.286,) which being quadrupled will give 
169.14 for the direét: Diftance, differing byt 1.36 Mile: from the 
direct Diftance found by Calewlatiov,in Page 20 5.” wo : ‘ 
Bincg you! as noneisd ent te eigiagin) fiat ots at beiweosa tow 
The Diftances run have been taken large, and the Differences of 
Latitude and Longitude? found: to: thesone hundredth Part of a 
Mile, which | has: occafionéd: the finding .the direct Courfe: ‘and 
Bearing, as:well asthe dire Diftance, aslittle perplexed 5 ‘but in 
Runnings: where the: direc Diftances are not large, nor fo great a 
Degree of ExaétnefS required, the whole that'1s. wanted may be 
found: by In{fpection, without the Trouble ‘of making proportional 
Parts ; tho’) in my Opinion, no Pains; how great foever, aught td 
be fpared to keep Reckonings tothe gréateft Degree ot Exactnaefs, 
confidering what great Confequences depend upon them. 
This facile Way of finding the Difference of Longitude:to every 
_ fingle Courfe and ‘Diftance, the’ Trouble being very: little more than 
‘that of finding the Departure inthe =common LraverfeFableis'T 
think fuificient, to excite ‘every Perfon’ who is a«Lover of ‘Truth 


t 


| may be: fore sie will never fail-himy'let-his' Voyage: ‘be never’ {9 
long, or never fo ‘far: to the Northward:orSouthward)y' befidés *hé 
‘will get-rid “of all thofe little Difficulties: ‘thatiafwally attend the 
common Way of keeping Reckonings, ‘which fo often puzzle and 
confound the Account, that Mariners are fometimes ata Lofs to 
_ know-what to do; and tho’ to’ Perfons who have been‘accuftomed: 
_ to keep*their Reckonings'the common Way-it’ may: feem aditele 
_ irkfome,syet if they will’ but once: fet about this Way; they will 
- foon overcome the imaginary*Trouble that attends it, and ic will 
become as ‘familiar to''them as the Method they have ‘hitherto: 
- qnade ufe off 
iS Befo! 


re 


and of his» own Safety; to makelufe of no’ other Way, fince’ jhe. 
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Before I conclude this Section, I thall take the Liberty, forthe 
Sake of the Young Navigator, to tran{cribe fome few Paragraphs 
out of the Fir/t Volume of my Syftem publifhed in the Year 1723, 
in order to fet his Notions right concerning Difference of Longz- 
tude, Meridian Diftance and Departure; and \et him fee, that tho? 
thefe are fynonymous Terms in Plain Sailing, conftantly fignify= 
ing the fame Thing, and in every Queftion are reprefented by the 
fame Right Line, yet, in the True Sailing, they are effentially dif- 
ferent one from another ; and in the fame Problem are, as they 
seally fhould be, reprefented or exprefled by different Lines, and 
are of different Values; a Thing that now and then is apt to puz= ve 
zle and confound young Beginners, and Perfons who are not fo 
well grounded in the firft Principles of this Science as they ought — 
to be. : saan oe 
By Difference of Longitude, is meant the Arch of the Equator, © 
contain’d or intercepted, between the Meridians pafling through 
any two Places: Thus the Length of the Arch of the Equator 
- contain’d, or intercepted, ‘between the Meridians palling through 
the Lizard and Barbadoes, being found by Obfervation to contain 
31978 Nautical Miles, or §2 Degrees 58 Minutes, the Difference of 
Longitude between the Lizard and Barbadoes is faid to be $2 De- 
grees 58 Minutes; and all Places that lie under the Meridian of 
the Lizard are faid to differ im Longitude from Barbados, or any 
other Place under the Meridian of Barbadoes, 52 Deg. 53 Min. | 
By Meridiaw Diftance (in the Nautical Senfe) is meant the Di- 
ftance of one Place from the Meridian of another, meafured in the ny 
Arch of the Parallel of Latitude pafling through them, and inter= 
cepted between them; fo that fuppofing the Difference of Lon= 
gitude, or Arch of the Equator, contained or intercepted between 
the Meridian of the Lizard and the Meridian of Barbadoes, to be ed 
52 deg. 58 min, or 3178 Nautical Miles, and that the Lizard lies 
“in the soth Degree of Latitude, the Meridian Diftance, or Length 
of the Arch of the Parallel of Latitude pafling through the Lize — 
ard, and intercepted between it and the Meridian of Barbadoes, ‘ 
will be found by, the 1ff Café of Parallel Satling, to be 2042.8 
Nautical Miles; and a Ship in failing from Barbadoes, or any other 
Point under the Meridian of Barbadoes till the arrive at the Lizard, 4 


OY SSS SSS SS Se Senate : 
r ad = = ——— . a = = 


is faid to have made 2042.8 Miles of Meridian Diftance, 
| | > Agata; 


¥N 


Again, fappofing Barbadoes to lie inthe 13th } Degree of La- 
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titude from the Equator, the Length of the Arch ot the Parallel 
of Latitude pafling through Barbadoes, and intercepted between 
Barbadoes and the Meridian of the Lizard, will be tound by the 
former Method ot Calculation, to be 3090.1 Miles ; fo that a Ship 
in failing from the Lizard, or from any other Place under the 
Meridian of the Lizard till the arrive at Barbadoes, is faid to have 
made 3090.1 Miles of Meridian Diftance, cach of which Meridian 
Diftances is lefs than the true Difference of Longitude, or Arch 
of the Equator, intercepted between the Meridian’s pafling thro’ 


the Lizard and Barbadoes, and are to each other, as the Sines of 
_ the Diftances of the Places from the Pole or Co-fine of their Lati- 


titudes, or Diftances from the Equator, (the Difference of Longi- 


tude being equal to the Sine ot 90 Degrees) and may therefore 


be all exprefs’d by different Right-Lines, and* are of different 
Values ; as the Reader will readily perceive, if he conftructs thefe 
two Cafes in the fame Figure, according to the Directions given 
in the fri? Cafe of Parallel Sailing. 

By the Departure, is meant the Diftance between the Meridians 
pafling through two Places upon the P/ain Chart, which fuppofes 
the Earth’s Superficies to be a Plain Superficies, the Meridians 
parallel to each other, and the Degrees of Latitude every where 
equal to each other, and equal to the Degrees of Longitude, and 
is therefore the fame with the Difference of Longitude: So that 


| ftrictly fpeaking, the Departure is the Difference of Longitude be- 


tween two Places, upon the Principles of Plain Sailing, and be- 
tween the Lizard and Barbadoes will be found to be 2119.2 Miles 
lefs than the true Meridian Diftance between Barbadoes and the 
Lizard 470.9 Miles, and greater than the true Meridian Diftance 
between the Lizard and Barbadoes by 576.4 Miles; and fhort of 
the true Difference of Longitude between the Lizard and Barba= 
does by 578.8 Miles. And hence arifes the Error of Plain Sail- 
ing 5 and to remedy this very Thing was the Mercator’s Sailing in- 


‘vented 5 which it does to the utmoft Degree of Exactnefs, as every 
_ one muft allow that rightly underftands what has been faid upon 


this Head. a : 
_ And indeed, properly fpeaking, Departure has nothing to do 
with Mercator’s Sailing, nor has it any Share in it; and ’tis for 
this Reafon that Lhave omitted the 77%, 874, and oth Problems, 
, and 
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and taken no Notice of it in the fir /ix Problems, which, .toges 
ther with the Preblems of Parallel Sailing, are the only Problen 
belopging.to the True Satling wie dows oniing shalt’ tame 
Again, whofeever thoroughly confiders the Nature, of \Depar= 
ture and Difference of Longitude, mult readily grant, that’ evea: the 
Method made ufe of by our moft expert Navigators, and generally 
taught in Books for findiag out the Dificrence of Longitude, by 
increafing the Abfolute Departure, made ig one Day’s Runnings, in 
- proportion as the Meridional Difference of Latitude:is te the prd- 
per or common Difference of Latitude, cannot be {richly itrae, 5” 
For though to the fame Courfe and Diftance, there will always be | 
the fame Departure and proper Difference of Latitude, and to the | 
fame Latitude, proper Difference of Latitude and Departure, there 
will always be the fame Difference of Longitude, yer, when feve- 
ral Departures come to be compounded in one, as is the.CGafe.of 
almoft every Day’s Work, the Thing is altered, as an ealy Ine 
ttance will dhew. | ‘ , 5) Ona 
Sappofe (for Example) a Ship in the Latitude of 6c deg. North 
fails 100.Leagues due Eaft, and after that North Eaft; till fhe be 
got into the Latitude of 7o deg, In this Cafe the will have made” 
bat 300 Leagues of Departure, and 2038.6 Miles, or 33-58 1%s.0f 
Difference ot Longitude. . eerie) 
Let us now fuppofe the fame Ship.to fail. 100 Leagues due 
Welt, in the Parallel of 70 Degrees, then South Weft till. fhe be” 
got into the Latitude of 60 Degrees; *tis plain, that. in, this: Cafe 
fhe has made but 300. Leagues of Departure, as before; but 
2315.8 Miles, or 38 Degrees 35 Minutes ¢, of Difference of Lon-_ 
gitude, greater in proportion than the former Difference of Lon=_ 
gitude, as the Co-fine of 60 Degrees is to the Co-fine of 70 .De= 
grees, notwithftanding the Meridional and Proper. Difference: of — 
Latitude in both Cafes are the fame. Bet jfene sade 
_ [have chofen this cafy Inftance, becaufe every one that is: but: 
‘moderately skill’d may underftand it; but the fame Abfurdity will 
{follow in compounding of any other Courfes together, as the: fa 
gacious Reader will readily apprehend. 4) wolheieereeas 
For thefe Reafons, in this Edition, I have left out Middle \Lati= 
tude Sailing, as. being dependant upon Departure, and, inimy Qpi- 
nion, it ought. entirely to, be laid. afide:.For what Mam in his 
Senfes will make, ufe .of an approximating Method, when he can 


kame 


ie ‘me ae a sta sy on.0 his P wodlen with the fame, if not lefs 
| Tro uble. li , i 


f “Hew she wee cbval Pet dine in Mercator’ Sailing may be filued es 

e sie Rake : 

| er fen, from Page 303 to Page pf 1 of the 1? Volume of my Syftem. 
_ And bow the fecond and third Problems which maft of al) oc- 
cur in Uf, may be folved. by the Simple Rules of Multiplication 


(set aoe Pie ka © 


+4 and Divifion, without the Affifiance of the Tables of Loga- 


' Ne un, ‘vigatian . poy yr 


bers ie oa ack be ie in Paces 3.50, l the faite 
Mee 
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VAVING fofiiciently ewh the Defects of the Plain Chart, 

and in the former Part of the 8¢b Section, exhibited the Ef 
fential Propertics of a Projection, in which mth Places whatfoever 
(xcept: fuch as lie under the very Pole) may be laid. down accords 
ding to their Latitude, Longitude and Courfe; we fhall now pro- 
ceed to fhew howthe CH ART (commonly call’d Mercator’s) 
: ‘may be conftructed; either for the whole or ae pantictlet Pare 

of the Terraqueous Glebe, n a 


} ‘ Le et ‘it be Pagheeed | to defetibe a ‘itetoiat Chart for a Woyage 
between the Parallels of 3 aaa 50-Degrees of Latitude, which: 

may ferve very well to prick down ae oi Wethige the otk 
r End and the Streights Mouth, . : 


; 


4 “Having p provided a Line of = Parts ay a convenient iy 


Draw the North and South Line AB,. and crofs it at cae 
agies in the Point A, with another ‘Right Line. AD, which will 


sepreleat the Parallel o of 36. Degrees, ‘Thea 77a ee: 


XN ridionalP rts anfwering to 50 Deke — 3475 
N relia 7 vart ts paws to 35 aici aU aban 


ey bs, 2 
Q Whe’) he ee 


Set 
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Set off the Excefs from Ato B, and draw BC parallel to A 
which will be the Parallel of 50 Degrees in this Chart. 
. take the Dif 
ference between the Meridional Parts of any of the given Parallels — 
of Latitude, and the Parallel of Latitude to be drawn 3 and fet it 
off, as the Cafe directs, in the Meridian; thatis, from A upwards — 
towards Bz: If the Meridional Parts of 35 had been taken from 
the Meridional Parts of the Parallel to be drawn, or downwards 
from Bto A. If the Meridional Parts of the Parallel of Latitude 
to be drawn, had been taken from the Meridional Parts anfwering 
to so Degrees; and through the Point laft found, draw a Line” 
parallel to AD, or BG, and it will be the Parallel required. 


For the intermediate Parallels between 35 and 50, 


Suppofe it were required to draw the Parallel of 40 Degrees. 


From the Meridional Parts anfwering to 40 Degrees ——— 2623 
Take the Meridional Parts anfwering to 35 Degrees ——~ 2244 a 


——s f 


There remains mises, Sa 2 1356. ae 


F : 
a © 


, Y 


Set off the Remainder 379 from A to 40, draw the Line 40.4 
parallel to AD, and it will be the Parallel required. ie | 


Or, a 
From the Meridional Parts anf{wering to 50 Degrees — 3475. A 
Take the Meridional Parts anfwering to 40 Degrees — 263 3.0:°% 


Regs) 


$52. 


4 
~ 
f 
$ 


Set off the Remainder 852 from B downwards, towards A to 
40. Dees draw the Line 40.40, and it will be the Parallel re=_ 
uired, | | ‘ 
. ‘After the fame Manner may any other Parallel be drawn, 
the Meridional Line be divided. Cs of 

‘The Meridian Line being thus divided, and the Parallels drawn 
fet off the equal Degrees of Longitude from A towards D, and 
draw the Meridian Line DC parallel to AB. Now, if through the 
{everal Degrees of Longitude, Lines parallel to AB be drawn, they 


will reprefent fo many feveral Meridians. 
, oe alle 


we 


. Navitation. 2-3. 
_ After this mannef may a Chart be made to ferve for any Voyage 
whatfoever, provided the Latitudes of the Places the Ship failed 


_ from and ‘to which the is bound,’ be known. 02 


But if it be requifite that the Chart fhou'd commence from the 
Equator, or that the Equator fhould run through any Part of ir, 
there is nothing clfe to be done, but to fet off the Meridional Parts 
themfelves from the Equator, on the Meridian Line extended, and, 


_ it will be divided accordingly.- = ¢ 


Tn like manner may a Chart be made 4s Jarge orsa’ fmall_as you! 


| pleafe, cither for the whole Worldy‘or any particular Part theréof, 


- But before it can be fit for Ufe, it will be very neceflary to de~ 


| feribe the Rumb-Lines in fome Part thereof.’ I have chofe tor Con- 


veniency-fake to place them in each Corner, as you may fee in the 
Chart : And, for the more ready pricking down of sPlaces, I have 
diftinguifhed the 10th and 5th Lines trom the reft; which I would: 
advife the Praditioner to do, fince it will render his counting upon 
the Chart more certain and expeditious. 

’ Upon the Chart thus made, may any particular Country be de 
{cribed, or the Sea-Coafts thereof; ay by the Help of it) the 
Ingenious Mariner may at all times find the Place he is in,:and 
readily know upen what Courfe, and how far he muft fail to gain 
his defired Port. | | . 
_ And fince this Treatife is written purpofely for his Ufe and Be» 
nefit, I fhall not only fhew him how to difcover where he is, and 


find How he muft alter his Courfe, if needobe, bat readily to trace 


out upon it any Part of the Sea-Coaft. And, 0) 2) 10. 
1, If it were required to lay down a Place, and find a Prick in 


the Chart by its Latitude and Longitude, or rather by its Latitude 
and Difference of Longitude, from any Place given. 


Having fix’d upon a firft Meridian, which I would always caufe 


to pafsthrough the Place from whence I begun my Voyage, fince 


the Places prick’d down‘*may eafily enough be transterred into a 
General Chart. °° ° Dé | 
~ 1. Count the Longitude in the graduated Parallel from the firft 
Meridian in the Chart, or the Difference from the Meridian paf- 
fing through the given Place, and through the Point found, draw 
aitgew Meretth emis 90) ybee oy) tad? ecosld sromt io ows ve 
« °9, Draw a? Parallel of Latitude thro’ the given Degree of Lati- 
tude found out in the Graduated Meridian; where. this interfects 
‘the Meridian before drawn, Bice the Place or Prick to be found. 


g Example. 
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ay Example. 7 | 
Admit the Place to be,prick’d down was in the Latitude of © 
47° 30’, and lay 2° 30' in Longitude to the Eaftward of the firit 
Meridian inthe Chart. err oes ot 
Having found out the Points of 47° 30’ in the Graduated Meri 
dians, draw.the Line @ 3, and through the Point of 2° 30’ in the 
Graduated Parallels AD and BC, draw the Line ¢ 4, the Point of 
Tnterfection S of this Meridian ; and the Parallel laft drawn will be 
the Prick or! Place required, whee | om 
After the’ fame manner may the Induftrious Mariner, by the — 
Help of his Latitude and Longitude, find the Place he is in at all 
Times, and prick down any Place wherefoever he arrives; pro= 
vided his Latitude and Difference of Longitude trom fome known 
Place be had, and confequently be able to defcribe the Sea-Coafts 
of any Country or Kingdom whatfoever, ro 
By the Inverfe Method of this, may the Latitude of any Place . 
ina Mercator’s Projection, and its Difference of Longitude from 
any Place be found ; v#2. by drawing a Parallel through it, or lay= 
ing a Ruler over it parallel to any Eat or Weft Line, and obferving © 
where it cuts the Graduated Meridian for the Latitude: And like= — 
wife by drawing a’ Meridian through it, or laying a Ruler directly 
North or South, to difcover what Degree of the Graduated Parallel 
is cut by it, in order to know its Longitude. f 
Hence we are taught how to find the Difference of Latitude of — 
any two Places upon, the! Chart ; viz. by finding the Latitude of — 
each, according to the dormer Directions, and taking the Leffler 
from the Greater, to difcover the Excefs or Difference. ij 
Hence we are taught-how to find the Difference of Longitude — 
between any two Places on the Chart; viz. by finding firit the 
Longitudes of each feparately, and then fubtracting the Leffer 
from the Greater. 326 ( Ui sda . on 
Hence we are taught how to find the Diftance of any two, or 
more Places, in the Cart that lies under the fame Meridian, v/% 
by finding the Difference of Latitude between them, and reducing | 
of it into Minutes, in order to difcover the Miles of Diftance. 
Hence we are taught how to find the Miles of Diftance between 
any two or more Places, that lye under the fame Parallel, wz, by 
finding the Difference of Longitude between them, and reducing 
it into Minutes. And then, wit Dae 
| 1 wo oda obs aovis olad § With 
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With 90 Degrees of 2 Line of Sines, upon the Segment of the 
Parallel connecting the two Places together as a Bafe, deferibe an 
Equicrural Triangle ; and from the Vertex towards the Bafe, fer 
off on each Side the Sine of the Complement of the Latitude. of 
the Parallel; and the Diftance of thefe ‘two Pricks applied to-the 
Graduated Parallel, will fhew the Degrees and Minutes of Diftance; 
which muft be reduced into Miles by multtplying by 60, “All 
which is abundantly manifeft from what has. been faid in the for- 
mer Seon. . rie . 
“9 An Example will-make ‘it eafy. 8 
Admit it was required to find the Miles ot Diftance between 
the Places Q and R, lying both under the Parallel of 39° 30’. 
~ On QR asa Bale, defcribe the Equicrutal "Triangle QR T, 
and make IQ or TR the Radius of a Line of Sines: Set off the 
| ‘Sine of the Complement of the Latitude 50° 30','\from T. to X 
and W, then the Diftance XW applied to the Graduated Parallel, 
will thew the Degrees and Minutes of Diftance. . 


Or, 

Make the Diftance QR equal to the Radius of a Line of Sines 
upon the Sector, and the Co-fine of the Latitude upon the fame 
Sector, will be the Diftance; which muft be applied to the Gra- 
duated Parallel, in order to difcover the Miles of Diftance. 

Tho’ the Method generally taught in Books for finding the 
Diftance of two Places in the Mercators Projeion, lying under 
_ the fame Parallel, be not ftrictly truc, yet it is fufficiently exact in 
many Cafes, and is as follows; : 

‘Take half the Diftance between the Points of the Compaffes, 
and fetting one Foot in the Graduated Meridian, where the Pa- 
rallel cuts it, turn the other Foot about, and obferve what De- 
_ grees it cuts both above and below: Subtract the Lefler Number 
irom the Greater, and convert the Refidue into Minutes, and you 
have the Miles of Diftance. 


Ore. che ;' | 
Take the Diftance from half a Degree in the Meridian, above 
‘the Parallel to half a Degree below ; and fee how many of thofe 
Parts is contained between the two Places, convert the Sum into 
Minutes, by multiplying by 60, and you have the Miles of Diftance. 
- From what has been faid, it will not be difficult, if the Diffe- 
‘rence of Latitude and Longitude of any two Places be known, 

_ from the Place of the one, to find the Place of the other. 
i Gg2 & Hence 
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_ -Hlence, If two Places lye.under the fame Meridian, and the tia 
titude of one and its Diftance from the other te given, it will. be 
eafy from the Place of the, one, to find the Place.of the other, . Be 
Hence, If two Places lye under the fame Parallel, and the, Lon= 
gitude of the one be known, and its Diftance from the other, it will — 
be eafy fromthe Place of the one, to find the Place of the other. 
Thefe three laft Corol/aries are of great Ule to Sailors, to prick 
down any New Land, dangerous Shoal or Rock. oe 


2. Ifit were required to lay down a Place by its Latitude, and 
Bearing from fome other; or, which is the fame Thing, having. the 
Difference of Latitude and Courfe given, to make a Prick upon the | 
Chart, and difcover the Place of the Ship. ~ . 4 
ie SaRoek i ohh g eaeatenl es a eo: 
~~ Admit: from.‘ a Place in the Latitude of 47° 30° North, I fail 
away SE. by! S..§° 29’ Eafterly, until I am in the Latitude of 
39° 30° North, and would prick the Place of the Ship. 

Through the Points m and # at 39° 30’, the Latitude failed in- 
to, draw the Parallel #0, and from S,the Place the Ship depatted _ 
from, draw,S Qo parailel to'g 7, the SE. by S. } Eaft Line; where 
thisinterfects the Parallel mv as dt.Q, it gives the Place of the Ship, — 

After-the fame manner may any other Point be found from the 
-fame Data, and confequently the feveral Runnings of the Ship be 

defcribed. MO gears ety oe ) An, ry 
ai $Be the Inverfe: Method of. this, vz. by fecing to which of the 
Rumb-Lines, the Line connecting any two Places together is pa- 
-vallel, may the Bearingvof two Places be found, which is of great 
 Ufe to the Sailorsifor directing their Courfe. _ =k GDA a 

Hence, without! any. more to do, may the induftrious Sailor 
. know ‘how to alter’ his Courfe .continually, in order to gain his 
~deticed RorteitA oui subtioA ody Hevaco-bta ay ay cra 


eH 33 eoU ME ods Sane 
3. To lay down a Place by. its Longitude, and Rearing from. 
_fome other: Or, which is the fame, Having.the Courfe and Diffe- 
“rence of Longitude, to make.a Prick upon the Chart, and difco- 
ver the Place of the. Ship. f Awt eri o a bonis’ ME il 
a ieDio eat) gat 744 PRM cou ct td wana 
"| Admit from, 2 T, fail away: NW. by N. 5° 25° Welterly, till T 
" have altered’ my Longitude 9° 00’, and would make a Prick upon’ 
“ the Chart, and difcover the Place ofthe Ship, ~~. Haying” 


caw rd 1} 


% 
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.- Having counted 9° 00’ in the Graduated Parallel, from o the 
Jaterfection of the Meridian, pafling through the Place failed from 
Weltwards towards 4~ Or, which is the fame Thing, Set off 9° 
oo’ of the Graduated Parallel from Q to R in the Parallel # 73 

‘draw the Meridian dc, and through Q. draw a Parallel to the 
~ Rumb-Line ¢ 7, tillit cut the Meridian d¢ in S, the Point fought. 

By the Inverfe Method of this, may the Bearing and Difference 

-of Longitude between any two Places be eafily found, viz. for 

the Difference of. Longitude, by counting the Portion of the Gra- 

duated Parallel, cut off. by the Meridians paffing through the Pla- 

ces, and for the Bearing, by examining to which of the Rumb- 

| ‘Lines the Line connecting the Centers of-the two Places. is pa- 
-rallel to. | Pr, ie 


_ 4 To. lay down a Place.by its Latitude, and Diftance ftom. 
fome known Place: Or, which is the fame Thing, By the Diftance 
run, and Difference of Latitude, to make.a Prick in the Chart 
and difcover the Place of.the Ship. . 


> 


Example. 


Admit from § a-Place int the Latitude of 49° 30’. I fail betwee: 
Pe essonchi aridictic-Haft 19.Miles!till'T am gotaaed ee 
of 39° 39' North, and: would find the Place of the Ship in the 

Chart: : } 

_. Having drawn the Meridian ¢ d paffing thro’ the given. Plac 
-take off the Degrees of Difference if Peas from fhe G ee 
ted Parallel AD, and fet them from S downwards in the Meridian 
to K; through K draw the Parallel KL; then with the Dittance 

| “between the Points of the Compaffes, fetting one Foot in S: with: 
the other*turn’d about crof the Parallel lat drawn in L. Lafl 
through the Pointlaft found L, and the Point firft given S, noe 

‘the Line SL, and continue it till it meet the Parallel my Hie, 

"which the Ship fail’d in Q, which will be the Place of the Shi 

t ten ef ; | p 
' Hence we are taught how-to find the Diftance between any- 

Places on the Chart, which are not fituated under habeas Mterk. 
dian or Parallel, viz: by taking the Degrees of Difference of Lati- 
See ee mir Graduated arallel, and transferring them in the 
“Meridian, from 5 downwardsto K, and drawing the Parallel KL 
_ SRR One MN BM IL 
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Hil it meet the Line SQ connecting the two Places together; for 

then the Diftance SL between the Place firft given, and the Point — 
lait found, applied to the Graduated Parallel, fhews the Degrees 
and Minutes of Diftance which are to be reduced into Miles, as, 
we have formerly fhewn. : | 


5. To lay down a Place by its Bearing and Diftance from ano= 
ther; or, whichis the fame Thing, From the Courfe and Diftance 
given, to make a Prick, and find the Place of the Ship. — 


Examp/e. 

Admit a Ship in the Latitude of 47° 30’ North, fails SE. by S. 
6° 20’, Eaft 619 Miles, and it be required to find the Place of the 
Ship. . 
uy anit drawn a Meridian Line through S, the Place of the Ship 
departed from, draw the Rumb-Line SQ parallel to the Rumb- 
Line g 7, and fet off upon it the Diftance in Miles from S to L, 
and draw the Perpendicular LK; then apply the common Diffe- 
rence of Latitude 5S K, to the Graduated Paraliel, and obferve the 
Number of Degrees. Count the fame Number of Degrees in the 
Graduated Meridian from @ to #, and draw the Parallel mw, and 
produce the Rumb-Line SL, till it interfeat the Parallel # a in Q; 
“which will be the Place of the Ship fought. 

By the Inverfe Method of this, may the Bearing and Diftance of 
any two or more Places in the Chart be found, and that fo eafily 
to any who underftands but the laft Paragraph, that it would be: 


needlefs to give an Example. | 


v 


Thus Ihave dhewn, from Principles firft laid down, and then 
demonttrated, not only how a general or particular Chart may be 
made, but how any Place, and. confequently any Country, or the 
Sea-Coafts thereof, may be prick’d down from any poflible Data s 
‘As alfo how the careful Mariner may prick down his feveral Run- 
nings, and thence know the Place he isin at all Times; and find 
how far, or upon what Courfe, he muft fteer to arrive at his in- 
tended Port. | 

Upon this Céart all Places may be laid down true according to 
‘their Latitudes and Longitudes, and what is of the greateft Benefit, 
and gives it the Preference before all other Contrivances whatfo- 
ever, tor Nautical U/es, is,that the Rumb-Line or Path that a 

‘Gh Ship 


° a > 
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Ship defcribes in Sailing according to the Direction cf the Com- 

pafs, (the only Guide that Mariners have at prefent) is reprefent= 

ed, or laid down, by a ftrait Line, whence the true Bearing of 

any two Places, or the true Courfe that a Ship muft fail from one 

Port to another, may be truly and exactiy determined, and that 
with the greateft Eafe poflible. 

This Reétilinearity of the Rumb-Line is the Chief and Prima- 
ty Property of the Mercator’s Projetion, to which all the other 
Puts are made fubfervient; and to accomplith this very Thing after 
the Invention of the Compafs, was the great Endeavour of our 
Fore-fathers for many Years, and never perfected, till undertaken 
by Mr. right, which happy Invention of his will make his Name 
famous to Potterity. 

And hence it is, that all Nautical Problems are refolved by this 
Projection to the greateft Degree of Exadtnefs that Projections 
are capable of, and infinitely more eafy than by the Globe itfelf; 
where, becaufe the Meridians mect in a Point, the Rumb-Lines 
become Spiral Lines, which render the laying down of Runnings 
(the principal Data that Mariners have to find the Place of the | 
Ship at all Times) and determining the Bearings and Diftances of 
Places, (the next Thing wanting to dire&t the Courfe a-new) 
efpecially if the Places are pretty far from the Equator, in a 
manner impracticable. 
_ As it is impotlible by any Contrivance whatfoever to reprefent 
any Part or Portion of a Spherical Surface upon a Plane, but that 
it will be diftorted and appear under a different Form, from what 
it does upon the Surface ot the Sphere 3 and confequently different 
Projected ‘Portions, when compared together, cannot have the fame 
Ratio one to another as to Magnitude, that the Parts they repre= 
fent have to each other upon the Globe itfelf; yet that Contri- 
_- vance that reprefents them fo, that the Dimenfions of the Projeded 
Parts (tho’ diftorted, when meafured by Scales) retain between 
themfelves the fame Ratio, that the Dimenfions of the Parts they 
reprefent upon the Globe have to each other truly and exaaly, 
will undoubtedly give true Solutions to all Problems that can arife 
from it; as isthe Cafe of all Kinds of Projedions of the Sphere 
whatloever, 
_ For Example; In this Projection, tho’ an Ifland in the Latitude 
of 60 Degrees, when projected, will have its Breadth from North 
to 
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to South reprefented in near a double Ratio of what it would be, © 
if the fame [land were placed under the Equator; and confe+ — 
quently, thefe two Begs Iflands, when compared together, — 
will not have the fame Katio between themfelves as to Magmtude, | 
that the Places they repreftnt upon the Surface of the Sphere © 
really have. apr. “% 
Yet, ifthe Breadth from North to South of the diftorted Hand, 7 
in the Latitude of 60 Degrees, when compared with the Length 7) 
from Fait to Weft, each being meafured by proper Scales, be found | 
to have the fame Ratio, that the Breadth and Length of the land 
it reprefents upon the Surface of the Sphere have to each other, © 
it neceflarily tollows, that a!l Conclufions drawn from this Repre-_ 
fentation are equally true, and conducive with thofe that are de= 9), 
duced from the Globe itfelf that it reprefents; or, which is the fame © 
Thing, and comes nearer to our prefent Purpofe, tho’a Degree of | 
— Longitude, in the Latitude of 60 Degrees, be reprefented upon this i 
Projection as large again as it really is upon the Surface of the 7 
"Globe, yet, inafmuch as a Degree of Latitude at that Diftance from | 
the Equator is increafed in the fame Ratio, and this Law obferved — 
at every Point of Diftance from the Equator, it follows, that the 


4 


i 


if 


true Courfe and Diftance between any two Places, howfoever ‘fi- — 
tuated, will be found to be the fame upon this Projection, as they — 
are upon the Surface of the Sphere ; and confequently, all the So= | 
lutions of the feveral ‘Cafes arifing from changing the ‘Things given | 
and required, will be the fame upon this Projection as they are || 
upon the Surface of the Globe itfelf; which renders this Chart the || 
moft apt and proper Inftrument, and the beft adapted to the Ma- 
riner’s Ufe, as any that can be thought of, till Mankind fhall find 
out a better Contrivance than the Compa/s, for guiding or directing 

a Ship through the wide and pathlefs Ocean, iO WS : 
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Of the Projettion of the SPHERE, 
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DEFINITIONS. 


IRCLES defcribed upon the Surface of the Globe, are 
diftinguifh’d into great and {mall Circles. 

: 1. Great Circles are thofe which divide the Surface of the 
Sphere into two equal Parts; or thro’ which, if the Globe be cut 
by a Plane, it will be divided equally. But : 

_ 2. Thofe are called fmall Circles which cut the Surface of the 
Sphere unequally, or through which, if the Globe be cut by a | 
Plane, it will be divided into two unequal Parts, 

3. The Pole of every Circle, whether great or fmall, is that 
Point upon the Surface of the Sphere which is every way equally 
_ diftant-from its Circumference. | 


Whence it follows, ond 
1. That every Circle whatfoever defcribed upon the Superficies - 
of the Sphere has two Poles 5 and fince every fmall Circle is equi- 
diftant from fome.one great Circle; it follows, a aes 
9. That the Poles of every {mall Circle, are the fame with the 
Poles of thofe great Circles to which they are parallel. 
Ip 3. All {mall Circles parallel to each other have the fame common 
oles. . iF 
Teer _ -, General Definition, — cyan bas 
Conceive the Eye placed fomewhere in the Superficies of the 
Globe, and at the fame Timea Plane to cut the Globe, and to 
ftand at Right Angles to the Line conne¢ting the Centers of the 
Re 1 as eet nad es Globe 


5 Sea! bf Projeltion of the Sphere. 
Globe and Eye. If Infinite Right Lines be imagined to flow from 
the Eye to every Point in the Circumference of every Circle des 
{cribed on the Surface. thereof, they will trace out Upoa the Cut- 
ting Plane, what is called a Stereograpbick Projection of the Sphere. 


Whence, and from Corallary the 1ff of the De nitions, it follows, 
te That. the Eye is placed in one of the Poles of that Cirele 
through which the Plane paffes, and upon which the Projection is 
to be formed; which, for Diftinétion-fake, we call the Plane of 
Projection - Alfo the Pole oppofite to the Eye, the Remote ‘Pole. 
2. That the Pole when projecied falls in the Center of the P/ane 


of Projection. 
3. Since all great Circles which interfect cach other in the Eye 
Point, lie in the fame Plane with the Eye; they will, when pro- 
jected; become ‘Right Lines, interfe@ting ¢ach other in the Center 
‘or Pole of Projection. a he 
Fevery fuch Circle will be found in the Peri- 


/4..That the Poles o 
phery of the Plane of Projection, at 90 Degrees Diftance from cle 


ther of its Interfection therewith. ia 
+ 56-Lhat, the Lines flowing from the Eyé, to any other Circle 
whatfoever, form a Conical Superficies. ‘And in order to enquire 
into the Nature and Property of thefe Circles when projected, we 


Shall prem 


ife the two. following Lemma’s. 


inna | f i ie 
we va ut ewe ‘Lemma the tf, > 
1, That4f an upright Cone be cut with a Plane parallel to the 
Bafe, the Section wade in the Superficies of the Cone will be the 
Circumference of a Circle, whofe Center will be found in the Right 


‘Line conneGing the Vertex of the Cone, and Center of its Bafe. 


d from the General Definition, it follows, 


. +» Whence, an | 
Plane of Projection, will 


1. That all fmall Circles parallel to the 
become Circles in the Projection. : . 
~ 3, That they will all have one common Center, viz. the Center 
and Pole of Projedion. 0 30. any) 
ee a hat.their- common Center, viz. the Center of the Projection, 
will be their common Pole Sa, Te eee 2 
a Phat their Radi, or Semidiameters, will be equal to the 
és from the remote Pole of Projection. 
i |  Forg 


Semi-tangents of their Diftanc 


Baty ty be Fon! in the adjacent igure, 


. Suppofi ing e the Eye, 4 b the Plane of Pro- 

- geétion, mw. the Circle to be projected, and p 
its temote Pole’: o¢ equal to ¢q, will be equal 
to the Semi-tangent of pm or pw, the Diftance 
of the Circle mu, to be projected from p the 


remote Pole. | 


1 A, Lemma the OY aa 


iy an inclined Cone “ibe cut with a Diets not seg lel to the Bales 
et fo that it cuts off a Part fimilar to the whole, the. Setston miade 
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in the Hee Mg: of the Cone,’ will be ‘a Circles - 


* Whence -it follows, | 
i. That all Guts whatfoever, (except fuch as Ite in Ak hint 


Plane with the Eye, which have been already confidered) tho’ they 
are not parallel to the Periphery of the Plane of i ae he 


become Circles: in ee Fors, 


For if, as wea é “a the Ey 'e, 


‘ab the Plane. of Projection, mn 7 } 
- Circle to bé beset, and ES its ie 


“Mote Pole. 


di Through » n sdk nt parallel to. 


-@b3 then is the Angle rae qual f 1 | 


eto e tn 2 (by Cor. the firft of Theor. 
the i tn ) and mea common ‘to’ 
Bac ipsieas Bie emi RN enr. 


“$e Ni Pe 4 mi me , 
a id 3 fat a yi Os TEV teds , 


need? aie “Trlangtes’ e m 0, 


en rv, and confequently e099 are 
Similar 3 and 0 av wt a a Piel by } 


“the 2d a Lemna. tai 
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daa.” Me ‘Projebtion of the Sphere. 
4. That of all the Diameters of any one of thofe great Circles 
to be projected, their Centers and Poles will be found in that pro- 
‘-éted Diameter which connects the two Interfections of the Circle — 
to be projected 5 and that other great Circle which paffes thro’ 
the Eye, and cuts the Circle to be projected at Right Angles, 
Definition. : 
Which, for Brevity-fake, I call the Projected Axis: Thus 04 is 
the Proqecbed Axis. | ' Bra 
1 3e That all {mall Circles will have their Projeéted Axes in that 
Line in which the Projected Axis of the great Circle to which they 
are parallel lyes. | : | 
4. That the Semi-tangents of the greateft and leaft Diftances of 
any Circle from the remote Pole of ‘Projeftion, fet off either on 
‘the fame. or contrary Sides of the Center of “rojeCtion, as the Café 
ik aie: give the Interfediions or Extremities of the Projefted — 
xi. is cae 
5. That-of every great or {mall Circle within which the Pole of 
Projection lyes, their Diameters or Projesied Axes, are equal to.the 
Sum of the Semt-tangents of their greateft and leait Diftances from 
the ‘Pole of the “Projetzion. Thus in Fig. 1 and 2, 04 equal to the 
Sum-of.oc-and eg, is equal to the Sum of the Semi-tangents of 
the Arches mp and p, the greateft and leaft Diftances of the Cir- 
cle from the remote Pole ERR 
6. That of every fmall Circle without which the remote Pole of 
Projestion lyes, its Diameter or Pyajetted Axis, is equal to the Dit- 
ference, of its greateit and leaftiDiftanee:trom the Polesf Projeétion. 
Thus ia-Fig. 3.-0-¢ is: equal to.the Differénte of og and ¢ 0, the Se= 
mi-tahgents of p 7 and p the greateftvand leaft Diftances ofsthe 
Circle trom the Pole of Projection, * fey Hsivd ods 4 
7, That df the two Poles of every great Circle, and confequently 
of all {mall Circles pa to it, that which falls within the ‘Plane 
af Projection, will, be: diftant from, the Center, by the Semi-tan- 


NS 


gent of the Exeefs of the greateft Diftance, of the projeGed great 
Ciieere the remote Pole of Projettion above a ‘Qaadrant 5 or 
the Defeat of thet at Diftance’ from’ the Pole of Projetfion toa 
Quan Phus ih Fig. 1. @ the Pole of the Circle) mis diftant — 
from the Center by the {pace of ac, the Semi-tangent of the Arch 

xp, the ExcefsOf pm above a Quadrant, or the Defect of p » to 


a Quadrant. » di 
isbenik ir 8. That 
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8. That its other Pole will be in the Projeffed Axis, on the con- 
trary Side of the Center, and diftant therefrom by the Semi-tan- 
ent of the projeéted Circle’s neareft Diftance from the remote 
Lole of Projefion \effen’d by a Quadrant. Thus likewife in fig. 1. 
the exterior Pole of the Circle, 7 m is diftant from the Center ¢, 
by cf the Semi-tangent of py, the neareft Diftance of the Circle 
‘from the Pole of Projet#ion, augmented by a Quadrant. 
. 9. Hence we are taught how to find the Interior Pole of any 
preat Circle, and confequently of all fmali Circles parallel to it, 
viz. by fetting off the Semi-tangent of the Complement ofits neareft 
Diftance from the remote ‘Pole of Projettion, in its projected Axis, 
on the contrary Side of the Center with the Interfection. 
to. But for the Exterior Pole, by fetting off the Semi-tangent 
of its neareft Diftance, augmented by a Quadrant in the projected 
Axis, trom the Center on the fame Side with the Interfection. 


Propofition I. 


_ In Stereographic Projection, the Angles made by the Circles on 
the Surface of the Sphere, are equal to the Angles made by their 
- Reprefentatives on the Plane of the Projettion. 


_ Suppofe the Eye at E, pro- 
pluie the Spherical Aeeiseu 
upon the Plane acd at Kight- 
Angles to the Plane apd Eat 

the Point g. I fay, the Angle 
_ §q@is equal to the Angle tu, 
equal to the Angle s”d, made 

by the two Planes pwd and 
Dt 


_ From the Angular Point #, draw nd and 1 

two Circles abe and 2%. ee grat 
_ Becanfe the Planes @c¢tb and sd are both perpendicular to 

the Plane of the Circle. ap 2 E, by ConfruGion, their common In- 

terfection ds, will be Perpendicular to the Right Line acd 


tinned, and confequently ee Angles g@sand #ds arc Right 


Fron ‘ 
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From 2 draw man parallel to 4 b, and join the Points E and m, _ 
then will the Angle au be equal to the Angle am EL, equal (by « 
Prop. the 6th of Part the tft) to m n Eequal (Ly Prop..34 o/ Part the 
iff) ton ga; therefore is # @ ‘equal to aq. Wherefore, in the 
Triangles sud, sq@ are” d equal to q 4; the Angles #ds and 
gas are Right, and the Side ds Common, wherctore (by Prom 
pofition the 5th of Part the 1ff) the Angle s gd upon the Plane of © | 
the ProjeGtion, is equal to the Angle saa, made by the two Planes, 
forming the Angle t# b upon the Spherical Surface, which was to 


be demonftrated. 3 : 
Propofition Il. 

If two Circles ¢a b and bag, inter- 4 

{-& each other in the Point 4, the Angle — 

ab formed by them at their Interfec= 

tion, fhall be equal to the Angle Dae, — 

‘made by the Rady ab and a¢ drawn 

to the Point of Interfection 4. -) 

Confiruciion. 4 

To the Point of Interfection 2, draw 

to the Circle g@0 and da, a Tangent to 
Demonfiration, ips Se 

Now, Becaufe the infinitely {mall Portions of the Circles g a b and 

b ac, do coincide with the ‘Tangents faand da, and confequent= 

] have the fame Direction ; therefore the Curve-lined Angle gah, 

is equal tothe Right-lined Angle /@ 4, formed by the Tangents fa 

and da: And becaufe the Angle f a0 is equal to d ac, take away * 

from cach the Interjacent Angle b ad, and there will remain the ie 

Angle b ac equal tofad, equaltog4 b, which was to be proved. * 


Whence it follows, — ; 

1, That of every great Circle to be pro= — 
jecied (which does not lie in the Plane of 
the Eyc) the Tangent of the Complement 
of its Diftance from the Pole of Projection’, 

fet off in the projected Axis, on the cons — 


the Line fa, a Tangent 
the Circle 4 ae. 


~ trary Way with ‘its Interfection, will give By 
its Center; for ¢ # is equal to the Tangent — 


ofcan, the Complement ofdae a 
. 2, ‘That ¥ 


ie « 


_ equidiftant from thofe Poles thro’ 
_ which they pafs, 


_ the Circles 4 2 and 90; panob 
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2. That the Secant of the Complement of the fame Diftance, 


will be its Semidiameter; for a# equal to dz, is equal to the 


Secant of ¢am, the Complement of d ac. : 

3+ Since #4 equal to dn, is equal to d¢ more cm, it follows 
univerfally, “Vhat of any great Circle to be projected (that does 
not Interfect in the Eye) if the Semi-tangent of its Diftance from 
the remote Pole of Projeftion, be fet off in the projected axis, on 
one Side of the Center, it will give its Interfection and the ‘Tan- 
gent of the Complement of the fame Diftance, fet off in the fame 
projected Axis on the contrary, Side, will give its Center. 


4. In all Circles which cut the Periphery of the 
Plane of Projection at Right Angles: Or, which is 
the fame Thing, whofe Poles lie in the Circumfe- 
rence of the Plane of Projection, that the Secant 
of the Complement of their Diftances from the 
remote Pole of Projection, fet off from the Cen- 
ter in the projeGed’ Axis, will give their Centers; 


for ¢ m is equal to the Secant of pea. t 


n 
__ 5: hat the Tangents of the fame Diftances will be equal to their 
“Semidiameters; for m @equal, m d is equal to the Tangent of pc-a, 
or p a the Complement of d c, its Diftance from the Pole of Projection, 
- 6, Since ¢ is equal to cd, more dm, it tollows, that the Se- 


‘mi-tangent of its Diftance from the Pole of Projection, fet off in 


the projeéted Axis, gives one Interfection ; and the Co-tangent of 


| the fame Diftance, fet off from the Interfection the fame Way, 
‘gives the Center, 


Propofition III. 


If thro’ the remote Poles of 
two Circles, two other Circles be 
defcribed upon the Surface ofthe 
Sphere, they will cut off equal 
Arches in thofe great Circles ; 
and likewife in the fmall Circles 


Let p be the Pole of the Cir- 
cles md and rn, ¢ the Pole of 


cote 
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and pmrqa, the Reprefentatives of the two Circles pafling thro’ 
the Poles p and ¢. . 
I fay, ; 7: 
1. Of the great Circles wd and ad, the Arches, md@ and ab 
cut off, are equal. ‘ . 
For the Arch p@J is equal to cb d, andpma equal to ¢ am, 
and the Angle ap cqual to the Angle acb: Wherelore, the 
Triangles 4 p band macbd are equal, and confequently 4 / equal 
tomd. QE. D. 
2. OF the lefler Circles qo and rm equally dikant from the 
Poles cand p. I fay, the Arches go and r# are equal, for the 


Arch caq is equal top mr, and ¢ bo equal to p dv, and the — 


Angle ga.cbo cqual tor pm, as before; wherefore the ‘Triangles 
gacboand rpm are equal, and confequently the Arches qo and ra 
are equal. :(Q. ED. ~ 

Nak Whence it follows, 


1. That if through the Pole of any projected great Circle, and 
any Part or Segment thereof, Lines be drawn to the Periphery of 
ghe Plane of Projection, they will cut off an Arch equivalent to the 
Segment of the projected Arch. 


5. That ifthrough the Pole of any fmall Circle, Lines be drawn 


to the Extremities of any Segment or Portion thereof (and conti- 
nued if need be) they will cut off an Arch equivalent to it in that 
{mall Circle which is parallel to the P/ane of Projeétion 5 and as 
far diftant from the Under-Pole, as the given Circle is diftant from | 


its Upper-Pole. 


Whoever is well acquainted with what has been faid of Pro- 
teGtions in this Seffiov, will find ic no difficult Task to defcribe 
any Circle great or fmall in any Projection, or meafure any Part 

or Segment of it when projected : And therefore I fhall, in the 
following Seétion, confider the Ailections and Propertics of the 


feveral Triangles made upon the Surface of the Globe, by the mu=- 


tual Interfection of the great Circles ; and draw fuch Confequences 


‘as will moft eafily conduce to the Solution of the feveral Cafes, 


X\ 
¥ 


SEC T. 


| 


i 
! 


Padi ate OCT. IL 
_ Of Spherical Trigonometry. 


Ba acpi . Dt TN A LOO 9. 

I. S a Plain Triangle, the Subject of Plain Trigonometry, is 
hte formed by the mutual Interfeétion of three itrait Lines 
upon a Plain Surfase - So a Spherical Triangle, the Subjec& of Sphe- 


vical Trigonometry, is made by the meeting together, or Interfeétion 


of the Arches of three great Circles on the Surface of the Sphere. 

2. Sothat as each Angle of a Plain Triangle is made by the 
meeting together of two Right Lines on a Plain Surface, each An- 
gle of a Spherical Triangle is formed by the meeting together of 
two great Circles on a Spherical Surface. 

. Again. As a Plain Angle is meafured by the Arch of a 
Circle, deferibed from the Angular Point, and’ intercepted be- 
‘tween the Lines which form the Angle: Soa Spherical Angle is mea 
fared by the Arch of a great Circle, defcribed about the Angular 
Point on the Surface of the Sphere, and intercepted between the 
Arches which conftitute the Angle. 


4. Hence it is, that if the Sides that contain the Spherical An- 
‘gle are continued till they are Quadrants, the Arch of the great 
Circle (of which the Angular Point is the Pole) contained vetween 


_ them, is the meafure of the Angle. 


2. Hence it is, that a Spherical Awgle is the fame with the An- 
gle of Inclination of the two Planes which pafs through the Cir- 
cles conftituting the Angle. . 
~ 3, Hence it is, that the oppofite Angles 
‘A and B, at the Interfeftions of any two Ae ee B 
_ great Circles are equal. | . : 

-° And fince the Arch of a great Circle is the fhorteft Tra& be- 
‘tween two Points on the Surface of the Sphere, as a ftrait Line is 
the fhortett Tra& between two Points on a Plain Surface, it follows, 


from the Gemetrical Theorems in the Firl? Part. | 
Bt a 4 li 4. That 


" 
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4. That the Arch of a great Circle falling upon another, makes 
Angles equal to two Right Angles. 

5. That the oppofite Angles, made by the InterfeGion of two 
great Circles are equal. | 

6. That of two Spherical Triangles, If one Angle in each, and the 
two containing Sides be refpeGtively equal; or if one Side and the 
two adjacent Angles be feverally equal, then the other Parts, and 
confequently the two ‘Triangles are equal. 

7, ‘Chat an Equicrural Spherical Triangle hath its two Angles at 
the Bafe mutually equal; and, o# the contrary, If the Angles at 
the Bafe are equal, the oppofite Sides will be alfo equal. 

8. Hence Spherical Triangles mutually equilateral, are alfo mu- 
tually equiangular. . 

9. That the greateft Angle of every Spherical Triangle, is oppo= 
fite to the greateft Side; and, om the contrary, the greateft Side 
fabtends the greateft Angle. : 

10. Hence it is, That any two Sides of a Spherical Triangle 
taken together, are greater than the third that remains. . 

Again, Since all. great Circles cut each other into two equal 
Parts, it follows, 7 : | 
‘rr, That every Side of a Spherical 


% Triangle, is \efs than a Semicircle 5 

oe C for D Bis lefs than D BC, and DA 
lefsthan DAC. 

A 12, That the Sum of the three Sides 


of any Spherical Triangle, is \efs than 

a Circle; for BA is lefs than BC and AC taken together; and 

confequently B.A mere B D more DA, is lefs than D BC, more 

DAC; the Sum of which two laft make a Circle. | 

From the fir? Corollary of the 34 
Definition, it follows,. 

That the Poles b, d, ¢ of the Tri- 
angle BDC, when connected toge- 
ther by Arches of great Circles; 
will with thofe Arches conftitute a 
Triangle b dc, the Supplement of 


~ whofe anal b are equal to the 


Sides o) 
of the Triangle BDC. 
Angles 5 . About 
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- About the Points B, D, and C, as Poles, defcribe the great Cir 


cles bpca, gqcedtand bsda. 
Now, ¢ being the Pole of BD, emis a Quadrant, and equal 


to pb; b being the Pole of BC: Add therefore to cach Part the 


interjacent Arch pc, and the whole ¢4 will be equal to pm, the 
Supplement of px the Meafure of the Angle at B. 


_ Again: d being the Pole of DC, @# equal to a Quadrant, is 


equal to s b+ Add sdto cach, and it will make bd equal to sv, 
the Supplement of rs, the Meafure of the Angle at C. 


Lajily, From do equal to a Quadrant, equal to cq, take ¢o; 


~ and there remains dc equal too g, the Meafure of the Supplement 
_ of the Angle at D. g.¢. @. 


1, Hence it is manifeft, that the Triangle dac, conflituted be- 


_ between the three nearer Poles, hath its pide bequal to the 


Angles 


Bake . of the Triangle B DC, (except that the greateft Side 


- dc, is the Supplement of the greateft Angle at D ; and the Angle 


at a, the Supplement of the greateft Side BC. 
2, Wherefore, Since the three Angles of any Spherical Triangle 


_ being given, the three Sides of another Spherical Triangle are known, 
_ whofe Angles are equal to the Sides of the former ‘Triangle (ex- 


cept that the greateft Angle of the ‘Triangle given, is equal to the 


- Supplement of the greateft Side of the ‘T'riangle found; and the 


greateft Angle of the ‘Triangle found, equal to the greateft Angle 
of the Triangle given) it follows, that the three Angles being 
given, the Sides may be eafily found ; and, on the contrary, the 


| Sides being given, the Angles may be eafily had. 


Hence, and from the 12¢h, itis, that the three Angles of any 


) Spherical Triangle, are greater than two Right Angles. 


For by the 12th, b4, dc, bc, the Supplements of the Angles 
C, D and B of the Triangle BDC, are lefs than four Right An- 
gles. ‘That is, fix Right Angles leffened by the Sum of the An- 
gles C, D, B of the Triangle BDC, are lefs than four Right An- 
gles: ‘That is, two Right Angles leflened by the Sum of the An- 


gles C, D, and B, is lefs than nothing ; wherefore the Sum of the 


Angles C, D, and B, is greater than two Right Angles. 
Lia Again < 


| 
| 


; a 
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Again: da and ac, the Mcafures of the Angles C and B taken nal 
together, are greater than ac the Supplement of the Angle at Dz — 
And fince d@¢ and its Supplement make but two Right Angles, | ih) 
d a, and the Supplement of dc taken together, fhall make more tu 
That is, the Angles BAC, D and C taken together, make more — 
than two Right Angles. ‘ a: 

3. And fince by the 4th, the Internal and External Angles of 
any Spherical Triangle, are equal to fix Right Angles ; it is mani- — 
feft, that their Sum can never exceed fix Right Angles. ve 

Whence it is manifeft, That in any Spherical Triangle, any two Af 
Angles taken together, are greater than the Supplement of the | 
third that remains; and confequently the External Angle is lefs | 
than the Sum of the two Inward and Oppofite. — : oy 


From the 7th and 9th CoroW/ary, it follows, mit 
BR That in any Spherical Triangle, if 
the Sum of the Legs of the Angle DBA 
D co be greater than, equal to, or lefs tham 
a Semicircle; the Internal Angle at 
Aas the Bafe, fhall be accordingly greater A 
than, equal to, or lefs than the outward and oppofite Angle at — 
che Bafe. sae 
1. If DB more BA, be equal to DBC, then BA is equal to 
BC; and _confequently the Angle BAC is equal to C, which id. 
equal to D by the third. g.¢ 4, a 
2. If DB more BA, be greater than DBC, then BA is greater — | 
than BC; and confequently the Angle BAC, islefs than the Angle 4 
C, which is equal to the Angle D by the third; and confequently — 
the Angle at D, is greater than B AC. 4.¢4. : 
3, If DB more BA, be lefs than DBC, then B A is Iefs than — 
BC; and confequently the Angle BAC is greater than the Ane 
gle C, which is equal to the Angle D,; wherefore the Angle Dis 
lefs than BAC. 9. ¢@.¢. i: . ie 
Hence likewife is it farther manifeft, that ifany two Sides of a 
Spherical Triangle taken together, be greater than, equal to, or lefs 
than a Semicircle, the Sum of the Angles oppotite. to them, fhall — 
be accordingly greater than, equal to, or le{s than a Semicircle, or 
two Right Angles. a 
1, When 


" 
4 


rs 
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— § 4, When DB more B A, is equal to DBC, then the Angles 
at Dand DAB, are equal to DAB, more BAC; equal to two 
Right Angles by the qth. Sativa’ 

2, When DB, more BA, is greater than D BC; then the An- 

lesD, and DAB, are greater than the Sum of DA Band BAC, 

Be D is greater than BAC. | 
> 9, When DB, more’ BA, is lefs than DBC, the Angie, at D 
equal to C, is lefs than B A'C5 and confequently: the Angles D, 
and D AB taken together, are lefs than DAB and BAC taken 

together; which are equal to two Right Angles by the Ath, 
“Hence it is manifei, that in an Equicraral Triangle, if one of 
- the equal Legs be equal to, greater ‘thab, or lefs than a Qua- 
_ Grant, then the oppotite Angles at‘ the Bafe} are cach accordingly — 
equal to, greater than, or lefs than a Right ‘Angle. - i 

Of feveral Arches of great Circles, falling from the fame Point 
of the Surface of the Sphere. on another Circle, the greateft is 
that which pafles through the Pole of the Circle ; and’ the next to 
this, is greater than that which is farther off. © ) 30 

For if P be the Pole of the Circle © hide 
BHF BE, andGthe Pole of BPAE 3 
then is A Bequal A P more PB, equal 
AP more PH, greater than AH, 
whichis greater than AF, which is 
therefore greater than AE; likewile 
the Arch HF E, greater than H P,. 
ereater than BH. Hence it is, 


1. That the Legs of a Right-an- 
gled Spherical Triangle, are of the WG 
fame Kind with the oppofite Angles : 


For in the Triangle B H A, becaufe BA is greater dae ‘the Qua- » 
drant BP, the Angle BH A, is greater than the Right Angle 
BHP, andinthe Triangle HAE, becanfe AE is lefs than the 


peectant PE; the Angle EH A is lefs than the Right Angle 


| 2. If the Legs (and confequently the Angies) are of the fame 
Kind ; that is, both greater, or both lefs than Quadrants, the 
Seabee fhall be lefs than a Quadrant. Thus in che ‘Triangles 


Band F A.B, the Hypothenufe F A is lefs than a Rasta 
3 dat 
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But if the Legs are of a different Kind, that is, one greater and | 


the other lefs than a Quadrant, the Hypothenufe thall be accord- 


ingly greater than a Quadrant: So in the Triangle A BH, the ‘ 


Hypothenufe A H is greater than a Quadrant. , 

3. Wherefore, If the Hypothenufeof a Right-argled Triangle is 
lefs than 90 Degrees, the Legs, and confequently the Angles, are 
fimilar; rhat is, both are either greater or lefs than a Quadrant: 
And, on the contrary, If the Hypothenufe be greater than a Qua- 
drant, the Legs, and confequently their oppotite Angles, fhall be 
diffimilar, one greater, the other lefs than 90 Degrees. 

4. If the Hypothenufe be lefs than 90 Degrees, each of the 
Legs fhall be fimilar to its adjacent Angle; that is, If the Leg be 
greater than 90 Degrees, the Angle fhall be likewife greater, and 
the contrary : Wheretore, vice ver/z, Ifthe Leg of a Right-angled 
Triangle be fimilar, or of the fame Kind with its adjacent Angle, 
the Hypothenufe fhall be lefs than a Quadrant. } 

5. Ifthe Hypothenufe be greater than 90 Degrees, each Leg fhall 
be diffimilar to its adjacent Angle; and, ov the contrary, If the 
Leg be diffimilar to its adjacent Angle, the Hypothenufe thall be 
greater than a Quadrant. 


Propofition I. 


In Right-angled Spherical Tria 7 


angles, having the fame Acute 


Angle at the Bafe, the Sines of : 


the Hypothenefes are propor- 


tional to the Sines of the Perpen- ' ‘ 


diculars, and the contrary. 
For inthe Right-angled Sphem 


rical Triangles A BC, and Ade, v 
Right-angled at B and d. Be= | 


caufe CH and ef are parallel, it 
will be, 
AtCiAC.,¢/ Clr wuitnat ia, 
’ As the Sine of the Hypothenufe A e, 
To the Sine of the Hypothenufe AC; 
So is the Sine of the Perpendicular e d, 


To the Sine of the Perpendicular BC, and the contrary, ’ 
q.¢. 4. Propos : 
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ed d ere Rr aS ae ——— os 
diculars, and the contrary. 


rical Triangles A BC, and Ade, 


} ! 5 caufe CH and e/ are parallel, it 
A Fk dd will be, 
ae Ae:AC:;:ef:CH.. That ts, 
' As the Sine of the Hypothenufe A e, 
To the Sine of the Hypothenufe AC; 
- So is the Sine of the Perpendicular ¢ 4, 


To the Sine of the Perpendicular BC, and the coment 
q.6.d, Propo- 


tional to the Sines of the Perpen- 3 
For in the Right-angled Sphen 
Right-angled at B and d. Be~— 


ae 


i Sood 


pisses 


ee 
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Propofition | Il. 


_ In Right-angled Spherical Zriang/es, having the fame Acute An- 
gle atthe Bafe, the Sines of the Bafes are proportional to the Tan- 
gents of the Perpendiculars, and the contrary. 

For in the fame Right-angled Spherical Triangles Ade and 

ABC, becaufe dg and BG are parallel, it will be, 

| Agi AB sid@¢.: (BG. Thatis; 

_ As the Sine of the Bafe Ad, | ei 1 Taps 
| To the Sine of the Bafe AB; | 

So isthe Tangent of the Perpendicular de, 

To the Tangent of the Perpendicular BC, 

For the Benefit of thofe who cannot readily conceive how Ae 
_and AC are the Sines of the Hypothennfes: Alfo how Ad and 
_ AB are the Sines of the Bafes of two Right-angled Spherical Tri- 

angles, which have the fame Acute Angle at the Bafe, the follow= 

_ ing Contrivance is made ufe of. 
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The upper Quadrant.A EC. of the Semicircle BAC matt be ~ 
turned about upon its Axis A R @, till the Sectors of Circles a BC © 
and a@DE, with their Tangents, being erected perpendicularly — 
over the Lines a B and @ D, the Points E and C of the Quadrant, 
AEGa coincide with the Points E and C of: the Sectors aD E 
and 4BC, then will be“formed the Spherical Triangles A DE, and 
ABC, Right-angled at'D and B, and aC will be the Sine of the 
Hypothenufe @ C, of the Triangle ABC, alfo 4B the-Sine of 
its face aided TOUSEA pe WR | 
Again: ¥.¥ equal to ef is the Sine of the Perpendicular DE, _ 
and DG equal to dg, the Tangent of the fame Perpendicular : 
wherefore, €3c. as wasvbefore determined. © tn. ' > a 


By the Help. of thefe two Propofitions, and the preeeding Pro- 
pertties, it will not be difficult to give Solutions to all the fevéral — 
Cafes of Right and Oblique-angled Spheriea) Tryangles. 


Ge 


SEC Fr ah sa gc 
Of the Solution of the Sixteen Cafes of Right= 
angled Spherical Triangles. , 


Cafe I. 


IV EN the Hypothenufe and one of the Acute Angles, to 
find the Side oppofite to the given Angle. : 
Example, 


Given i Eto find BC, 


Produce AC and AB till they are Qua- 
D rants, and deferibe the Arch E D, which will 
be equal to the Angle A, and it will be by 
Propofition the sft, fi 
if , AE:3, ACiis, ED+s, CB. That ts, i 
As the Radius, 
To the Sine of the Hypothenufe AC; 
So is the Sine of the Given Angle BAC, , 
To the Sine of the oppofite Side BC. 9. ¢ — Cafe 
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| - . Cafe T. | 
Given one Side and the adjacent Angle, to find the other Side. 
_ Example. Bw 
Givens AS bto find BC, c 


Produce AB and AC till they are Qua- 
drants, and defcribe the Arch ED, which is Ae ee 
equal to the Angle at A, and it will be, B 
- 3,AD:3s,AB::t, DEt, BC, by Prop, the 2d. That is, 
As the Radius, 

To the Sine of the Given Side A B; 

So is the Tangent of the Given Angle BAC, 
To the Tangent of the Side BC, g. 4 4. 


Cafe II. 


Given one Side and the Angle oppofite, to find the other Side. 
_ Example. K 


Given 5 Ditto find AB, © 


Produce A B to D, and AC to E, till they 
-are Quadrants, and defcribe the Arch DE, and “ D 
it will be, by Prop, the 2d, 5 
: t 1D 2 CBs) DA vs, BA.) ‘That is, 
As the Tangent of the Given Angle BAC, 
To the Tangent of the Given Side BC; 
~ Soils the Radius, 
- ‘Tothe Sine of the Side AB, g.e% 


De dane. canis’ Cafe IV. 
Given one Side and an Angle oppofite, to find the Hypothenufe. 
Example . ® mh 3 z 
: BC : Shar 
Given J BY Sto find AC, Cc 


‘Having produced AB and AC to Qua- 
drants, and connected the Points E and D by A 
an Arch, it will be, by Prop, the 1/7, B D 


s,DE:s,BCi:s,EA:s,CA. That is, 
Kk 
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As the Sine of the Given Angle BAC, 
To the Sine.of the oppofite Side BC; 
So is the Radius, ) 
'To the Sine of the Hypothenufe, 9. ¢ # 


Cafe V. 


The Hypothenufe and one Side, to find the Angle oppofite to. 
the Given Side. a 


Example, 
‘os Given $3 S bto find the Angle at A: 


Continue AC and A Bto Quadrants, and 
draw the Arch DE, and it will be, dy Prop. — 
B D the ift, . 

sAC:sAEi::s,CB:sED, That is, 


As the Sine of the Hypothenufe, 

To the Sine of the Perpendicular ; 

So is the Radius, 

To the Sine of the Angle at A. 9.4 % 


| Cafe VI. 
The Sides Given, to find either of the Angles. 


Sa 


EB Example.. | 
VA Given} BE bto find the Angle at A, 
A ob us 9 One of the Sides and Hypothenufe being — 
produced till they are Quadrants, and. the 


Bp Extremities conneGed by the Arch DE, it 
will be, 2y Prop. the 24, , | 
sAB:sAD::tBC:t,DE.- Phat is, 


Asthe Sine of one of the Sides AB, » ‘fe 
‘To the Radius; | ‘ , 
So is the Tangent of the other Side BC, i 


‘Fothe Tangent of its oppofite Angle BAC, 4 6 4 Call 


£ ipherical Trigonometry. 


i ee Cate VAT: 
_ Given the Hypothennfe and one of the Legs, to find the other Leg 
Example. a Kg 
Given ‘ta pto find A B. 


Continue AC, AB and B C, till they are | 
Quadrants, and connect the Points F, E, and 
D, by the Arch F ED, and it will be, 


FC:FB::CE:BD, That is,by Prop.the rf, 
_ As the Sine of the Complement of C B, 
; ‘l'o the Radius ; 
- So is the Sine of the Complement of A GC, or the Co-fine of AC, 
_ | ‘Lothe Sine of the Complement or Co-fine of AB. 9. €. 4. 
Cafe VIII. 


The Sides being given, to find the Hypothenufe ; 
ae Example, 
Given SRG bto find AC. 

Having continued the Sides A B and BC, alfo 
the Hypothenufe to Quadrants, and joined the 
- Points FY, KE, and D, by the Arch FED, it will be, 
PB: FC::BD:CE, That is, dy Prop, the 1, 
/ As the Radius, ce 

To the Co-fine of one of the Sides BC ; 


So is the Co-fine of the other Side A B, 
To the Co-fine ofthe Hypothenufe AC. 4. ¢ #. 


. Cafe IX. 
One Side and the adjacent Angle being given, to find the Hy- 
pothenufe, Example, , 
i ABS ) 
a Given} AB bto find AC, 
Produce the Sides and Hypothenufe to Qua- 
drants, and join the Points F, E, and D, by an 
| Arch; becaufe F B isa Quadrant, F D fhall be 
one likewife; and it will be, by Prop. the 2d, 
: Te ated 2 ee nn That is, 
Kk 2 
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As the Radius, ~ RE ie ; : 
To the Co-fine of the Given Angle BAC; | 
So is the Co-tangent of the Given Side AB 
To the Co-tangent of the Hypothenufe, 4. he 


The Hypothenufe and an Angle being given, to find the adja- 
. Hive, cent Side. Example. 
Given AK bto find AB. 


Having produced the Sides as ufual, it will 
be, by Prop. the 2d, ! 
Sena 5 s,FE:s,FD::t,EC:t, DB. That is, — 
As the Co-fine of the Given Angle A, a 


To the Radius; ae 
So is the Co-tangent of the Hypothenufe A C,, 


To the Co-tangent of the Side. 9. 4. 


: Cafe XI. “ay 
One of the Sides and the adjacent Angle being given, to find” 
the other Angle. ae (ht ool 
} Example. Ces cpt 


Given} RG bto find. the Angle A. , 


‘Having, as in the former Cafe, produced the 
Hypothenufe and Sides. to Quadrants, and con- 
—neéted the Points F, E, and D by an Arch 5 pro~ 
duce the Sides and Hypothenufe ofthe Triangle C E F, till they 
are Quadrants; and. join the Points G, H, I, by the ArchG HI, 
which will be a Quadrant; and it will be, by Prop. the 1ft, a 
sCH:sCFi:s,HI:sFE. That is, . 

As the Radius, digs en 
To the Sine of the Angle F C E, equal to the Given Angle AC B; | 
Go is the Co-fine of the Side Given BC, teh { 


To the Co-fine of the oppofite Angle. A, 4 Ok mone Feild i 
: we AGI ne re ve 


= 


tod 


cae | 


Spherical | Trigonometry. 
eae XLT: 


‘One Side and the Angle oppofite being given, to find the other 
Angle | Example, : 


Given] F Ato find the Angle at C. 


Having made the fame Preparations as in the 
former Café, it will be, 
at Breet 1s, Chaiens Bae ETT 
by Prop. the ft, | That is, 


As the Co-fine of the Given Side B C, 

‘To the Radius; 

So is the Co-fine of the Given Angle BAC, 
Tothe Sine of the Angle ACB, q.e¢. 4, 


ya 


Cafe XII. 
One Side and the Hypothenufe being given, to find the con- 
tained Angle. Example. as! I 
Given {3 Chto find the Angle at C, 


Continue the Sides as in the 11h Café, and it 
pb be Se itl PF H >: s,.FG +s, H G. 
That is, by Prop. the 2d, B 
As the Tangent of the Hypothenufe AC, 
To the Tangent of the Side Given BC; 
So is the Radius, . 
To the Co-fine of the Angle at C, 7. ai. 


Cafe XIV. 
0: The Hypothenufe and one of the Angles given, to find the 
other Angle, Example, i) yee! r 

| i , 7 
Given { Se bto find the Angle at A, 


Produce the Sides as in Cz/e the 11th, and it 
will be, Ly Prop. the 2d, fe » 


*3,C1;s,C Ei:t,lH:t, EF. That is, 
ie 
ie 


| = 
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As the Radius, 
To the Co-fine of the Hypothenufe AC; 
So is the Tangent of the Angle at C, ; 
To the Co-tangent of the Angle at A. g. @ 7 


Cafe XV, 
The Angles given, to find the Hypothenufe. i 


- Example. 
Given 4S Ghto find AC, 


Having produced the Sides as in the 11¢b 
Café, it will be, by Prop. the ad, a 
5B t, Est, Fos, Go 3, Chae ga 
Asthe Tangent of one of the Given Angles C, 
To the Co-tangent of the other Angle A ; 


So is the Radius, 
To the Co-fine of the Hypothenufe. 


Cafe XVI, 
The Angles given, to find one of the Sides. 


Example, 
Given ere: C required. 7 
Make the fame Productions asin Cafe the 
11th, and it will be, by Prop. the 1/f, 
sIH:s,EF::s,HC:s,FC. That is, 
Ais the Sine of the Angle adjacent to the Side required, 
To the Co-fine of the Angle oppofite ; ee 


So is the Radius, ¢ 
Lo the Co-fine of the Side. 9. ¢. 4, aD | 


eee 


Figures) it divides the ‘Tri- 
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GB CT lV. 


Containing the Solution of the Twelve Cafes 
of Oblique-angled Spherical Triangles. 
RY Oblique-angled Spherical Zriangle may be reduced into 


> Right-angled Spherical Triangles, by letting fall a Perpendi- 
cular from fome one of its Angles upon the oppofite Side pro- 


| duced, if need be. 


~The Perpendicular when let fall, either divides the Triangle in- 


to two Right-angled Triangles, or makes it two, by adding: one 


to it. | 
_ If the Perpendicular falls 
within (as in the 1f# and 2d 


angles BDC, BDC frft. 
given into two Right-angled 
ones, BA D and CAD. But, 
If the Perpendicular falls 
without, (as in Fig. the 34) 
it produces two Right-an- 
gled ‘Triangles BAD and 
CAD, by adding one Right- 
angled ‘Triangle C A D, to: 
the Triangle BDC  firft: 


iven. melt 
£ oF - 


If the Angles at the Bafe of the Oblique Triangle are Similar ;: 
that is, both Acute, (as-in Fig, the 1/7.) or both Obtufe, (as in Fig. 
the 24) then the Perpendicular let fall from the Angle oppofite to 
the Bafe, falls within the Triangle. But, 

Ifthe Angles-at the Bafe are Diffimilar, that is, one be Obtufe, 
and the other be Acute, (as in Fig. the 34) then the Perpendicular 


let fall from the Angle oppofite to the Bafe will fall without the 


Triangle ; and confequently the Bafe muft be produced to meet it. 
Thefe two laft Inferences are abundantly manifeft, from the Fig. 
in Page 253. te Hence, 


om 
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Hence, and by the Help of the former Seé#ion, in any Oblique- 
angled Spherical Triangle (having fufficient Data) the Things fought 
may be eafily found; provided, that when the Perpendicular is 
let fall, there are two Things given befides the Right Angle, in one 
of the Right-angled Triangles produced. : 

Wheretore it is neceflary in all Cafes, that the Perpendicular fall 
from the End of a Given Side, and oppofite to fome Given Angie, — 


Hence thofe Cafes wherein the Sides are given, and not the An=_ 
gles, or the Angles and not the Sides, cannot be refolved after this 
Manner, and therefore does not fall under the General Law ; but 
require fome other peculiar Contrivance, which fhall be fhewn in 
its due Place; and in the mean time we fhall proceed to the So/a<_ 
tion of fuch Cafés as fall under the Geweral Head. 


Cafe I. 


Two Angles and a Side oppofite to one of them being given, 
to find the other oppofite Side. 


pa Example. 
Pal <—B | e 
“& —— Givens BDSto find DC. 
Le =<C§ qa 


Bo) Aeon © | 
The Perpendicular D A being let fall from the end of the Given 
Side DB, and oppofite to the Given Angle B, it will be, by Ca/é 
the iff, to find the Perpendicular, ? 
Bois, ou iis oe BoD dikes nae 
As the Radius, | | ir 
To the Sine of the Given Side BD ; | 
So is the Sine of the Adjacent Angle DBC, 
To the Sine of the Perpendicular. | | 
- Which being obtain’d in the Triangle D AC, Right-angled at 
A, are given DA, the Perpendicular before found; and the Angle 
at the Bafe ACD, to find the Hypothenufe DC, and it will be, 
by Café the 4th of Right-angled, &c. | + . 
s,<.C: 8D Ay; R's, DC. "That is, 
pa, b aes As 


4 iu ee eke ti 
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As the Sine of the Angle oppofite to the Given Side, 
To the Sine of the Perpendicular; _ 
_ So is ‘the Radius,~ Th fA8 
To the Sine of the Side DC. ¢.¢.%. 


Cafe IT, 


‘Two Sides and an Angle oppofite to one of them, being given, 


- to find the other oppofite Angle. A D 
re: Example. ; 2 adh 
BG y. CBD. i883 J, 
Ses D rege <= at C, ee Ps rd, C 
B G , « ak 


B C 


The Perpendicular B A, being let fall from B the end of the 
Given Side BD, and eppofite to the Given Angle BDC, falls 
without the Triangle, becaufe the Angles at D and C are diffimi- 
lar; and therefore to find the Perpendicular, it will be, by Cafe — 
«the iff of Right-angled, &c. ” 
| R:s,BDi:s,;< BDC owBDA:s,BA. That is, 

As the Radius, 
To the Sine of the Given Side B D, adjacent tothe Given Angle D. 

So is the Sine of the Given Angle B b 

To the Sine of B A the Perpendicular, 
Which being had, the Angle at C is eafily obtained; by the 
telp of the sth Cafe of Right-angled Spherical Triangles. 

For fince the Hypothenufe BC of the Triangle BAC, and BA 
the Perpendicular are given, it will be, by the fame Cafe, 


s,BC:Ri:s,BA:saC, That is, 


As the Sine of the Side oppofite to the Given Angle, 
To the Radius; 
So is the Sine of the Perpendicular, 
‘Yo the Sine of the Angle a Cg. G4. 
I 


Cafe 


-" meets ‘s 
bE 
& 
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| Re: (iat Soper 


Two Sides and an Angle oppofite to one of them, being given, 


to find the other Side... © ~ 


2 Example, 


BD | 
Given< <B> to-find BC. 
oad GG), so sain 2 


| A A Oe ee 4 
| The Perpendicular DA being fet fall from the end of BD, and 


oppofite to the Angle at B; BD and DC become Hypothenufes — 
in both Triangles, and therefore to find the Perpendicular D A, 
it will be, by Case the 1ff, of Right-angled, &¢. nor) 


R:s,BD::s, <Bs, DA. Thatis, 


As the Radius, 

To the Sine of the Given Side BD; 
So is the Sine of the adjacent Angle B, 
To the Sine of the Perpendicular. - 


3. To find B A it will be, ; 
Rics, Bi: BDit, BA. Thatig, 


As the Radius, | 
To the Co-fine of the adjacent Angle B 5 
So is the Tangent of the Given Side B D, 
To the Tangent of BA. | brigdl 3 
Which being obtain’d, AC. is eafily had. | 


‘For,As¢s, DAG Rs tc s,DC:cs,CA. That is, | 
As the Co-fine of the Perpendicular DA, 4 
To the Co-fine of the Side oppofite to the Given Angle; 
So is the Radius, | a 
To the Co-fine of AC. # 


{E the: Per-j within 2 inate dia fadded coyote. me a 
pendicular fall without 5 then A Co fab. fog AB, gives BO. 9. 4 | 
Cafe. 


Spherical Trigonometry. ws 
Cafe IV. | 


Given two Sides and an 1 Angle aati to one of them, ‘to find 
the contained Angle. 


D 


Example. 


hea > CBD, 
Given SC to Gnd Aaste DB. 
tD 


C4 f 


3 The Perpendicular being let fall, it t will be, by Café the iff, . 


TAS 8) Ci:s,<cC: vend) A. That is, 


As the Radius, 
To the Sine of the adj scent Side C D5 
So is the Sine of the Given Angie sae D, 


To the Sine of the Perpendica ar D A. 
2, To find the Angle ADG, it will 24 by Cafe the 14th, 
Roce oc. yt G sot, <D. ee 


CB, Co 


As the Radius, 
To the Co-fine of the Side DC, ,adjacent to the Given 2 Angle C; 


So is the Tangent of the Giyen Angle at Cady i 
'T’o the Co-tangent of the Angle A D C. a 


| Again ;1n the Triangle BAD, having BD and D A, it will 
be, to find Angle B.D A, by Cafe "the reed es te @ s! 


‘As t, BD: R 5: DrAlsc ees That. is, 


As the ‘Tangent of the oppalite Side BD, 
To the Radius 5 
_ Soi ig the Tangent of the Perpenatcelir D A, 
nis Se Hie Co-fine of the Angle A D. Bay nis £9713 
If the Per- § within didded to 12 BDA, g gives 
pendicular fall eee cD A Dc eee an BDC 7. ¢.é. 
eircom 12 Cafe. 


a Spherical T PREMTCTE 


A ow a Wale Very Re er oe 


‘Two Au es and a sii: oO ofite tg one of the bei | 
to rupee the gis Angle, FR he me being x i a 


The ‘Perpendicular being let fall, it will ibe by Cafe the # 14th, 


to find BDA. 
- BS eg BDts <8: re SBD AL 


As the Radiesy” : : Comat g ekg), 

To the Co-fine of the Given Side B Ds. = Be Tee 
So is the Tangent.of the Angle at Gee ee ee ce. | 
To the Co-tangent of the Angle B DA. ont pAcn: 7 


2. For the Perpendicular, :it, will be, by Cafe the ys 


Rig BDi+s, CB: i DA. That is, a 
"As the Radius, wavs 
Re the Sine-of the Given Side B D; iL _ ‘eiibesl oh cA ae 
: 6 is the Sine of the Angle ar Bi 2! shia of} 16 Shit sol 2% 
To the Sine of the ‘Pespendientar/' ) si} to Inoyna' Dont af ot 4 
Lafiy, To find A DC, it will be, by Ca/e the 12rd, f . 
i Dae “Rarce giciG ye ADC. That is, nf 


As the Co-fine of the Perpendicular, ) 0 
Tothe Radius, _ 
So is the Co-fine of the Angte didguiaa to the Given pals 


To the Sine of the Angle J A D CQ 
ee * 


. Ifthe Pers Fwithin | atid | to j IY D B gives 
pendibullad {all whic then A D oft fab, from § CD B. iy a Cty 
aA we Ca : noe ieee ae di 


il 
ik 


Cale Vin € 
Two Angles a and the Tngerjacent Side piven) i to ae the Oppotie 


6 revs D “fl pre 
re ‘Exaile . Jee ati amet 


aie B D < o find the<‘atC. 
RE aes 


A 
B Cc B 
| The Perpendiealar DA being let fall from D, and anes to 
jal Angle at B, it will be to find the Angle BDA, ‘by Cafe the 1 4th,, 
E R:cs,DB::t; << Brct, (BDA. aie 
"As the Radios! 
To the Co-fine of the Given Side D B;. 3 


So is the Tangent of the Angle at B, ' 
To the Co-tangent of the Angle B DA. 


If the Perpendicular fall withia, then B DA pee from BDC, 
leaves ADC; but if the Perpendicular fall without, then B DC 
_ taken from BD A, leaves ADC. 


2. For the Perpendicular D A,. it will be, by Ca/é the 1/2, 
bites 5, BDi:s, Bt s DA, Mole 
As the Radius, 
To the Sine of the Giyen Side BD; : ioe 8 
So is the Sine of the Angle at.B, Be Ee a Ba 8 ; eo 
To the Sine of the Perpendicular, i. 
3. For the Angle at C, it willbe, by Cafe the 11th, 
Riis, <ADCi:cs, DAs ‘ean eC, eae 


* As the Radius, 7 sg 

7 Lid the Sine of the Angle A D Ge 

Sois the Co-fine of the Perpendicular A D; ae: 
To the Go-fine of the Angle at G seth , 


| Which, if BDA be greater than DBC, anid the PObues oe 


. Ly 
ee But if BDA be leflér than. DBC and the’ <, B, Some f pak 


Acute } G7 is Wie oo , . 
Taw or Gpentey il dat § ) | Cafe 


Spherical Trigonometry. , 
Ga fen locas ods tee | 


Two Angles and a Side oppofite to one of them, being piven) to 
find the Interjacent Side. 
D D Example. 


ne bukis: BD sone ind BC. 


, 
ms 
Ree 
rs 


So 
3 AS ae an : j 
Having let fall the Perpendicular DeA} \ 


In the Triangle B A D, are ea the ‘Hypothenal BD, and — 
the Angle at the Bafe B, to find B A and D A. | 


I. For D A the Perpendicular, it will be, by Cafe the ie 
Res Ds SEE Be :s, DA. Thatt is 

As the Radius, © 

To the Sine of the Given Side BD; 


So is the Sine of the Angle at B, 
To the Sine of the Perpendicular DA. 


>. For the Bafe BA, it will be, by Ca/é the 10th, 
| eins ca ee Bint BD: t, BA. That is, 
As the Radius, 


To the Co-fine of the Angle at B; 
So is the Tangent of hae Side B Dy 


To the Tangent of BA. 


Laftly, In the Triangle ADG, are given AD, and the Angle 
at C; whence to find AC, it will be, by Cafe the 3d, Y 
Riel A AD: 2 Rig Sy A Gp OS is, 
As the Tangent of the Angle at C, 
To the Tangent of the Perpendicular A D; 
So is the Radius, 
ne ae of AC. ao ; 
Ifthe Per- §within added to Ay hie 4 
pendicular fall Ebay then A ct fub. on pees 


/ 
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~Cafe VIII. 


_ Two Angles and the Interjacent Side being given, to find either ~ 
of the other oppofite Sides. 


Example. - 
<ap . 
Given< B D $to find DC, 


© B 
4. To find BD A, it will be, by Cafe the 14th, 
Ric's, BD St) Biot, BD A.; ‘That is; 
As the Radius, , 
'To the Co-fine of the Given Side 3 
So is the Tangent of the Angle at B, 
To the Co-tangent of the Angle BDA. 
Tf the Perpendicular fall within, 
| Then BD A taken from BDC, leaves A DC, 
If the Perpendicular fall without, 
Then BDC taken from BD A, leaves ADC. 


2, For the Perpendicular, it will be, by Caf the 17, 
aes Re: s$B)D 27 sy<q Bye AD... Phat: is, 
-As the Radius uns 

"To the Sine of the Given Side 5 

So isthe Sine of the Angle at B, 

To the Sine of the Perpendicular, - 


3. In the Triangle ADC, having the Perpendicular D A, and 

_ the Angle at D, it will be, to find DC, by Cafe the oth, 

| Rov ose Dy Jet, DaAs:'c tit, hats, 

As the Radius, 

‘To the Co-fine of the Angle CDA; 

So is the Co-tangent of the Perpendicular DA, mel 

‘To the Co-tangent of DC, the Side fought. 


TCDA be 4 Ditetian CDC thal be} ereaver ¢tbana Quadrant, 
“ 
| 


$ 


-UDifiimilar {DC fhali be Q greater 
| re sile Cafe 


* i 


= 


DEL epee 


5 iS a ana ab sy bs 
lay ' 


were Spherical Trigonometry. 

; ‘lies ls Gate ee i) a: 

: Ywo Sides and the contained Angle being given, to find one of 

the oppolite Angles. er ee 
- D | 1 Example. 


/ 2 ):BD “a 
wig Given < B>tofind <C, 
CR IR BC 
B ' ‘ cc 
1, For BA, it will be, by Ca the 10th, . 
R's oo Bit BG BA. That is, 
As the Radius, . ae 
To the Co-fine of the Angle at B; 
So is the Tangent of B D, the Side oppofite to the Angte fought, 
To the Tangent of B A. 
If the Perpendicular falls within the ‘Triangle, 
Then B A taken from BC, leaves A C. 


But if the Perpendicular fall without, 
Then BC taken from BA, leaves AC. 


2, To find the Perpendicular D A, it will be, by Café the iff, 
R:s,BD::s,<B:s,DA. That is, 

As the Radius, — 

To the Sine of the Side oppofite to the Angle fought; 

So is the Sine of the Given Angle, 

To the Sine of the Perpendicular DA. | 


3. To find the Angle at C, by the Help of DA and AG, it 
will be, by Cafe the 6%, : 
| sCA:R::tAD:t,<C. That is, 

As the Sine of the adjacent Side C A, 


To the Radius ; 
So is the Tangent of the Perpendicular DA, 
To the Tangent of the Angle atC. 9.6% Tae 


: lefs than BC, the An- § Similar } 
HB Abes greater § gle at C thall be Dilimilar ¢ °° the <= at i 
Cafe 


| 


Example, 


LE B G. > | Pelle 
| Poiven >to find DC. 
BDS 


et. lor BA, 


RS Ac 


Spherical Trigonometry. 
Cafe xX, 


aes 


it will be, By ae the ih 
eg. Bi >t BD-t, BA. Thatss, 


As the Radius, - 


P. Wo.the Co- 


aes of che Angle at Be 


So is the Tangent of B D, 
To the Tangent of B A. 


If the Perpendicular fall within, 
Then BA taken from BC, leaves AC. 
If the Perpendicular fall without, 
‘Then BC taken from BA, leaves AC, 


HACE} 


_ 9, For the Perpendicular D A, it will be, by Ca/e-the 1f, 


R:s,BD::s,<—B:8,DA. Thatis, 
Asthe Radius, — : 

To the Sine of the Given Side BD, 

So is the Sine of the Angle at B ; 

To the Sine of the Perpendicular DA. 


Bie) For the Side DC, it will be, by Ca/é the 822, 
Re: os, AG. 203, DA: oe That ts, 

As the Radius, 

'To the Coefine of the Segment ACs 

- So is the Co-fine of the Perpendicular at D A, 

‘To the Co-fine of the Side DC, g. ¢. 4. | 


Similar to DA,or the < at flefs 
Diffimilar $B, then D.C fhall be 2 greater 


Mm 


drant. 


Two Sides and the contained Angle given, to find the other Side. 


than a Qua- 


Ts 


A 


va sig la 


aA | Spherical ‘ Trigonometry. | 


In the Solution of thefe Yen Cafés of Oblique-angled Spherical Tri- | 
angles, the Perpendicular has been all along inveftigated, as a Ne= 
ceflary Ingredient to difcover the Thing fought; which, though — 

it be efteemed Unartificial, yet has fome peculiar Advantages at- 
tending it, as is well known to thofe who are verfed in Calculation, — 
and is not only very eafy to be underftood, but contributes very - 
much to the better underftanding of the Method generally made 
Ufe of, for finding the Thing required, without feeking the 
Length of the Perpendicular, which fhall be fhewn next; and to 
to that end, the two following Lemmas are premifed, ’ 


Lemma the tft. 


If in two Sets of Proportionals, the two firft Terms, or the firft — 
and third Terms in each be the fame; the others fhall be directly — 
proportional, ‘That is, i he Sa 


iq In Numbers. In Quantities, 
, iF If it be as2 to 6; fois3to9. , 2. VE it be 6.2.0 tf esd, 
| And as 2to6,fois4tor2. © And as a:b: : m:n, 
| Or, fo. Or, 
| “ If it be as 2 to 3, fois 6 to 9. Tiievbe: aoe 2 ib orid, 
413 And as. 2 to'4,fois6te12., 9) > Andeas iat af: by i 


Et ihall “be "3.50 eee nize It fhallbe ¢:d:: tM, 


Lemma the 2d. 
If in two Sets of Proportionals, the two middle Terms in each : 
be the fame, the others will be reciprocally proportional + 


é In Numbers, In Quantities,’ a | 

Tfie be 12): 65:8: a Thigbe st 20.70) 4 

And.as 24: 6:°8: 2. -Andasm:ia::b:». * 
4:2.  Itthallbem:c: 2d: 


Tethall be 943) 12 4 


| Spherical Bi soniebisy, ary ,; 

The Solution of the firf Ten Cafes, without 
Jers the Perpendicular, 

Cafe I I, 


Two Angles and a Side oppolite to one of them being given, 
“to Sind the other oppofire Side, 
Pi: S<B>? ; 
Given BD-to find DC, See the Fig. of Cafe the rf, 
cee: Be 


The Perpendicular DA, bei eing common to the Triangles D A B- 
| et D ae it will be, . 


8, —B: Riis, DA:s, BD. 
Sy CuK nsisgddAr: s, DiC: 


f Wherefore, by Lemma the 22, becaufe the two middle Terms . 
in cach are the fame, it will be, 


Se care OFF ae -§,BD:s, DC. That is, 
As the Sine of the Angle at C, 
_ To the Sine of the Angle at B; ; 
_Sois the Sine of the Side BD, 
To the Sine of the Side D Chg .tte Bs | 


Again, in 
abe : Calc een 


| Where two Sides and an Angle oppofite to one of them are 
given, to find the oppofite apie. | 


| BD | 
Given? Fc G0 find < at C, See the Fig, a Cafe the 2d. 


it ae 


| | PBecanfe BA is common to the Fagus BAD and BAC, 
ae be, ° s, DB: Has aay s,< D. 
Sak eee er sy BCR 2! sg. BA: <C 


fi 


Where, by Lemma the 2d, neste the 
the fame, it will be, 


is s,BC:s oe see 85; = C, That is, 


middle Terms In each are 


* Mm As 


py. 
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As the Sine of the Side BC, 
‘To the Sine of the Side B D; 
So is the Sine of the Angle at D, 
To the Sine of the Angle at C. g.¢. 4 


Hence, and from the former Cafe it aisoke tt 


That in all Spherical Triangles, the Sines of the Sides are:to each. 
other, as the Sines of their oppofite Angles, and the contrary. — 


Again, in. 
Cafev ILE 
Where two Sides and an Angle oppofite to one’ of them; are 
given, to find the other Side that remains, ’ 


Having made the fame Preparations, as in Ca/ethe 3d, and found: 
the Bafe BA; becaufe the deh ieee D A is common to. both,. 
it will be, Ose At Roe Cato De cg ke. : ft 

oN Ries: DC:cs,CA. f 

Now, becaufe the two firft Tee i in each are the fame, it will> 

be, by Lemma the 1, 


cs, B Dis) BA‘ ce,:D.C) ea GAles 


As the Co-fine of the Side BD, . 

To the Co-fine of the Segment B Re ' 

So is the Co-fine of the other Side D’ C, : 

To the Co-fine of the Segment C A.; which being obtain’d, the~ 
Side BC may be found, as in Ca/e the 3d of Sect. the. ath,. 


Hence it is, That the Co-fines.of the Bafes-are directly propor=- a 
tional to the. Co-fines of the Hypothenufes, and the contrary. po 
~ Again, in 
| Cafe 1V; : " 
Where two Sides and an Angle-o ofite t £ & 
given, to find the Contained Adtle: © Ppl r pele them: we 


BD - : { 
Given - ior aye find peaael |B se the. Me. in Page ie 


Having. i 


at 
_ ADG, it will be, _ 


Hs 


aS pe” os eae Ae A tee ke Na - CT Ley ae , vse 
wish ira ik Re co i ack a 


. Spherical Trigonometry. : 200 
. Ffaving let fall the Perpendicular DA, and found the Angle 


EDErRiitDA:cs, ADS. 
5, BD: R::t, DA:cs, ADB. 


Now, becaufe the two middle Terms in each are the fame, it 
will be, by Lemma the 24, ; 


BD: t,DC::es,ADC:cs,ADB. Thatis,. 


As the Tangent of the Side BD, | 
'Tothe Tangent ofthe Side DC; 
~ $o is the Co-fine of the Angle A D C,. . 
To the Co-fine of the Angle ADB, by the Help of which, the > 


Angie BDC may be found, as in Ca/e the 4th, Page 267. 


_ Hence it is, that the Tangents of the Sides or Hypothenufes, | 
_ are reciprocally proportional to the Co-fines of the Angles at the 
| Vertex, and the contrary, . 
And becaufe the Tangents and Co-tangents of Arches are re- 
ciprocally proportional, it follows, 

That the Co-tangents of:the Sides or Hypothenufes, are di- 
reGly proportional to the Co-fines of the Angles at the Vertex,., 
and.the contrary ; that is, in the fame ‘Triangle. | 


As the Co-tangent D C, 

To the Co-tangent of D B; - 

So is the Co-fine of the Angle ADC, 

To the Co-fine of A DB; and the contrary. 


re | 


ie Bide nahin Likewile,, i 
| Cale) Vi 


Where two Angles and a Side oppofite to one’ of them, are 
"given, to find the other Angle ; that is, a. 


Ts pares hom . a, eit 
. Givens pie ; to find the < Dv See the Figures ia Pag, 268. 
tf: hl : | Ha ae The . 


’ 


‘+ 
5 


~~ i oe) 


a wy yet . aes hy" 
Nee aie hin? 
net Foe Wh Ae a 


278% ‘Spherical Trigonometry. 

The Perpendicular being let full, and the An ngie BDA found 
as formerly, it will be, to ae A A C, 4 i 

C5 KA RRs <= LR: s, BDA, 
e's THAIOR F FESO ADC, 

Wherefore, becanfe the twu fink Yerms in each.are the fame, it it 

‘will be, by Lemma the 1 ft, 
a Se a A OG That is 

As the Co-fine of the Angle at B, 

‘To the Co-fine of the Angle at C3 

So is the Sine of the Angle B DA, 7 

‘Yo the Sine of the Angle ADC; by the Help of which, the | 


Angle B DC may be found, according | to the Me thods already 
given in the preceding Ca/é. ae 


Hence it is, that the Co-fines of the Anaics at the Bafe, are aid 
ascctly proportional to the Sines of the URS at the Vertex, and — 
the contrary. ‘That is, i 


ck B: 04, C-35 BD Ase we. q 


Alfo, in 
Cafe VI. 


Where two Angles and the nk tps Side are given, to find 
the other oppotite Angle. ‘That is, 
Sie <B 
pea ey to find the < at C. “sfc See the Fig. in Page 26 98 
<—D 
The Perpendicular being drawn as ufual, and the Angles BDA. 
and A DC found, it will be, 
Rs cs DAN 3s, BaD A cs, DBC. 
Ns Cs, DA iis, ODA:cs, BCD. 
Becaufe the two firtt Terms in cach are the fame, it will be, by 
Lemma the ft, 
s, DDA:s, CDA ves DPB ts cs BC D. That is, 


As thes Sine of the Angle BD A, : eal Sa 
To the Sine of the Angle CD AS ts is 
So is the Co-fine of the Angle at. ’B, pap AL 
To the Co-fine of the Angle atC. 4g, ¢. i. Tom 
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To determine the Nature of which, the fame Laws muft be made. 
vufe of, as is given in the 67h Cafe, in Page 260. 

__ And fince the Angles at the Vertex are given, and one of the 
Angles at the Bafe to find the other; the Proportion might have: 
been deduced immediately from the Corollary of the former Ca/e, 
without any previous Invettigation, | 


wea lena I. 


: Fw Angles and a Side oppofite to one of them, being given, , 
to find the Interjacent Side, ly Re 


; <B). hy 3 e the Figures beloycine to cae 
Given BI ) eto find BC. SCH 8 A ates g 7 te: 


_ The Perpendicular being let fall, and the Bafe BA of the Tri-- 
angle BA D found, as in Café the 7th, it will be, 
: Weep. Rist, DAY 5s, BA. 
PeaeGr Reet MD Ay 5. CA. 
Wherefore, by Lemma the 24, becaufe the middle 'Terms in each. 
are the fame, it will be, . 
F Pt Cl feeb. oo DATs, GA. ‘That is, , 
As the Tangent of the Angle at C,. 
To the ‘Tangent of the Angle at B;, 
_ So is the Sine of the Bafe BA, 
_ ‘Tothe Sine of the Bafe CA: Hence the Side fought may be. 


in Page 270, ao ; 

_ Hence it ts, that the Sines of the Bafes are reciprocally propore- 
tional to the ‘T'angents of the Angles at the Bafe, and directly pro+- 
portional.to the Co-tangents of the fame Angles; and the contrary, , 


Again, ins” 
Cafe VII. 


_ Where two Angles and the Interjacent Side was-given, to find. 
either of the oppofite Sides. That is, 

. <B ne : ' 
Given 3B D tofnd DC. See the Pigures belonging to Cale 


- 


the 8th, 7 Page 271. 


ba tho) 
ie ae 
os a 


: 
We, 
ans 


a 


eafily had, by the Directions given at the End of the 7¢h Cafes. 


Having — 


te ie 
Not a 
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Having let fallthe Perpendicular DA, and found the ACESS . 
BDA aad CD A feparately, ic will be for DG, 
Reet DP At hos, BDA: tes Wo. 
‘i eRe, Leek y ‘cs, ADC: ct, sige 
“Pecanfe the two firft Terms ta each Proportion are the ime ice 
will be, by Lemma the iff, j 
be BDAY cs, ADC: ict, BD: ct, DC. eat is, 


As the Co-fine of BD A, 
"To the Co-fine of AD CG: 
% So is the Co tangent of BD, 
- {othe Co-tangent of DC. y. 2.7. The Nature of which may 
‘be eafily known, by the Rules given at the End of the 8r4 Cafe. | 


This Proportion for finding B D, might have been deduced from — 
-the ad Corollary of the 4th Cafe. 
Cafe IX. 


Given two Sides and the Contained Angle, to find one of the 
‘Oppofite CE : 


Sze the Figures of Cafe the thy 
Given ia rep find the <c. a Deer oracet ft Ihe 
The Perpendicular being drawn, alfo BA and AC determined 

cas-in Café the oth, it will be, ye 

sBA:Ritt, DA:t, —B. ee 

3 CA: Rast, Ar tye: 


| Hence, by Lemma the 24, 
s,CA:s,BA:-6, ‘ean Biit, <a That is, 


As the Sine of the Bafe C A, 
To the Sine of the Bafe B A; 
So is the Tangent of the Angle at B, 
To the Tangent of the Angle at C. g. ¢.4. The Nature of hice 
may be difcovered by the Laws given atthe End.of the 9¢ Cafe. 


This Proportion might have been deduced from the Gorollary 
of the me Ca/e. Cale 


. Spherical Trigonometry. 
Cafe X. 


Given two Sides and the Contained Angle, to find the other 
Side that remains. 


BC | i i | 
Given in to find DC. See OG eee the 10th Cafe, 


The Preparation being made as ufual, and the Segments of the 
Bafe inveftigated, it will be, 


Rovcs, DAS ex HA cs,.B D. 
Re} cis, Duh ores, AnCsiceyibiC: 


Wherefore, by Lemma the iff, 
cs, BA:cs,AC::cs,BD:ics,DC, That is, 


As the Co-fine of the Bafe B A, 

To the Co-fine of the Bafe CA; 

So is the Co-fine of the Side B D, 

To the Co-fine of the Side DC. g ¢e # The Property of which 
may be difcovered by Cafe the icth. ; 


I might, indeed, have omitted the firft Kind of So/utions, which 
were done by the Help of the Perpendicular firft found: Or at 
leaft have placed thefe latter Methods, at the End of each of the 
former ; but I chofe rather to explain them both, and keep them 
feparate; to the end the Reader might not only ufc which Method 
would be moft convenieut for his Purpofe, but be throughly ac- 
quainted with this moft ufeful Part of the Mathematicks. 


In order to give a Solution of the 11th Cafe (where the three 
Sides are given to find the Angles) it 1s neceflary to premife the 
following Lemma’s; which, altho’ they are Natural Confequences 
of the Sinica! Proportion, demonftrated in the Firfi Part, and there- 
- fore require no other Proof; yet, fince this Ca/éis of fo great Ule 
in 4ffronomy and Navigation, 1 fhall give a Demonftration of them 
in this Place, that fo the Reader may have the whole Proof be- 
fore him in one View. 
te Na Lemma 


Spherical Trigonometry. 


Lemma the vii. 


The Verfed Sine of the Supplement 
of an Arch,-multiplied into half the 
Radius, is equal to the Square of the: 


d 
N e) Co-fine of half that Arch, 
DAGN 


If the Given Arch be dm, ad will 
“© fm. be the Verfed Sine of its Supplement 
d a, and en the Go-fine of mo or doi, 

its half. 


And becaufe the Triangles ¢ d 2 and ¢” m are fimilar, it will be,, 
ab:radiicn:.cm, | 
But becaufe a 1 is equal to twice ¢ m, 4 dis equal to twice cm. 
Wherefore, abi: 2eni:enzem, Or, asabicn: tem. 36m 
Therefore, gb xt emmeuxta= ony, qu 8, 


Lemma the 2a. 


The Difference of the Verfed Sines of two Arches multiplied ine 
to half the Radius, is equal to the Sine of half the Sum of thofe: 
Arches,, multiplied into the Sine of halt their Difference, 


Let the given Arches be #) and am, 
then is mo the Sine of md, the Sine 
‘of half their Difference, and az the 
Sine of ad, the Sine of half their Sum: 
Alfo gm equal to pv, equal to the 
Difference of the Verfed Sines ap and 
an, of the Arches 4 and am, , 
Again, Becaufe @ mis parallel to: 
a2, and gm parallel to ac, the Tri- 
angles b gw and ac are Similar, and: 
it will be, aera sic: bmigum OB 


But, astacvazir; bm=bo= mo 49g M, 


Wherefore, 46% = 10 KOR, 
Theonenss 


; \ 
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| Baer a Pea A Theorem. - 
_ In Oblique Spherical Triawgles, the ReCtangle, or Produ& of 
the Sines of any two Sides, is to the Square of the Radius; as the 
Difference of the Verfed Sines of the Sum of the two Sides and 
the Oppofite Side, to the Verfed Sine of the Supplement of the 
Contained Angle. 
Turn the upper Quadrant 

BCzg, of the Semicircle w Bg, | 
vabout Bam pas an Axis (the. 


we 


= 


West aoa 

OS tne foment * 

FRA a f 
” 


‘. Seng, vraw GZ a Perpendicular to PD, and join the Points 
wand r; then is Dz the Verfed Sine of the Arch CD, or oppo- 

_ fite Side. ee Bh & | 3 

4 And becaufe the Triangles g S p.and C rm are Similar, it will be, 

Sy eee fbi pge:mripS. 

: wey easton, mC:pgii:mC mr spats. 

i But 7 + mr=Cr, Alfo, pg-+pS = 4S, and pg the Radius, ee 


a 


Ho ESSE ig SO es ee ieee ———— = a == ae 
- po Te eee Se : = = ; a 


i) yy 


es Wherefore, mC: Ri; Cr; q Ss , 
: auch 2 : Reduce 
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Lemma the ft. 


‘The Verfed Sine of the Supplement 
of an Arch, multiplied into half the’ 
Radius, is equal to the Square of the: 
Co-fine of half that Arch, 


OME OL Ww, Use Ure~ wa ---- ~1- 8s oN 
Alfo gm equal to pa, equal to the 
- Difference of the Verfed Sines ap and 
an, of the Arches 42 and am, E 
Again, Becaufe b m is parallel to. 
a2, and gm parallel to a¢, the Tri- 
angles b gm and ac are Similar, and: 
itwill be, acrasi:bmigum 


But, astacvazi:;bm=bo=mo vq m, 


Wherefore, 2 46X%9M%—= 0X2, 5 
Theorenas 


‘ 


tr 


sa hahes 


‘ Spheri 


. 


Gi! \ 


ie A Theorem. 
“In Oblique Spherical Triangles, the ReCangle, or Produ& of 


4 
Difference of the Verfed Sines of the Sum of the two Sides and 
the Oppofite Side, ‘to the Verfed Sine of the Supplement of the 
‘Contained Angle. 

‘Turn the upper Quadrant 
BCgq, of the Semicircle w Bg, 
about Bampas an Axis (the 
Sector C D P being firft erect- 


ed obliauely above the Plane 
qacry 


Bpw) till the Point C of the 


Semicircle coincides with the 
Point C of the Sector; then 
will the ArchesBC, C D,and 
DB, form an Ob/ique-augled 
Spherical Lriangle. 

Let CBD be ‘the Angle 
pitched upon, then will C B 
and BD be the two contain- 
ing Sides, and CD the Side 
oppofite; and becaufe BO is 
equal to BC, Do will be equal 
tothe Difference of the two con- 
taining Sides, BC and BD. 


From g conceive a Perpendicular to fall upon pw, interfecring 
-itin S, then will 5 w be the Verfed Sine of the Angle DBC, and 

Sq the Verfed Sine of the Supplement ; alfo from C let fall the 
Perpendicular Cr, 
_ Lafthy, Draw Cz a Perpendicular to PD, and join the Points 
-zand r; then is Dz the Verfed Sine of the Arch’C D, or oppo- 
| fite Side. a1 | | 

And becaufe the Triangles g Sp and Cri are Similar, it will be, 
| ae mM pqiimripS. 

Wherefore, mC: pqi:mC +-mr:pqgtpS, 


; But mC+-mr=Cr, Alfo, pg-+ pS = 4S, and pg the Radius, 
e Wherefore, mC: Ri-Cr398 pith 


ty  Nna Reduce 


the Sines of any two Sides, is to the Square of the Radius; as the 
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\ 
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Reduce BC to the fame Plane with B D, fo that both may make _ 
one Plane; and make Bo equal to BC, and. lct fall the Perpendi- 
culars oy and Cvsthen will Dy be the Verfed Sine of Do, the 
Difference of two containing Sides B C and B D, and Dw the Ver- 
fed Sine of their Sam, and confequently z# the Difference of the 
Verfed Sines of the Sum of the two Sides, and Side Oppofite 5 
and becanfe the Triangles Dap, t sr andt mC are fimilar, it will be, 


Da:Dpi:tsitriita:tCi:tz tart 4eC. 

Wherefore, Da: Dpi:tz-etn:tr+tC. 

But tz -+ta=om. Alfo, tr-+#+C=rC, and Dp equal to 
the Radius. a 

Wherefore, Da: Ri: 22: rC. 

But it was proved before, wC:R:i:Cr:q5. 

Wherefore, Dax mC: Rq:i:Orx su: Crxqs. 

And confequently, DaxmC:Rqi:zun:gs. 


As 


But Da is the Sine of D B, one of the containing Sides, and mC 
the Sine of BC the other: Alfo z# the Difference of the Verfed 
Sines of the Sum of the Containing Sides, and Side Oppofite; and. 
q S the Verfed Sine of the Supplement of the Contained Angle. 4 


Wherefore, as the Rectangle of the Sines, &¢. as was alerted. 


Again, . 
Becaufe, by the Zheorem, s, BC Xs, BD: Rgiianigs. 
multiplying cach of the two laft Terms by half R, or half the Ra- 
dius, it will be, i 
s,BCxs,BD:Rai:zaxzRigsx4 R;* That is, 


The Product of the Sines of the two Containing Sides, isto the. 
Square of the Radius, as the Reétangle or Product of the Diffe- 
rence of the Verfed Sines of the-Sum of the Containing Sides, and 
the Oppofite Side, into half the Radius, to the Produ& of half 
the Radius, into the Verfed Sine of the Complement of half the 


Contained Angle. on 


But by Lemma the 2d, the Difference of the Verfed Sines of two 


Arches, moltiplyed into half the Radius, is equal to the ae oo 
oh , | a 


1b ya ae aa 
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half the Sum of thofe Arches, into the Sine of half the Diffe- 
rence. ‘That is, 
nxt Rus: BCFBD + DCx(s,45C-+BD—DC=) 

's BC+BD+DC_p 6 | 

9 le 


i | 
“And by Lemma the 1ft, the Verfed Sine of the Supplement of 
Arch, multiplyed into half the Radius, is equal fore Su atre a 


the Co-fine of half that Arch, That is, gsx7 R= G3 qgi- eee 
Wherefore, 
s,BCxs, BD: Rg i :s,4 BC4+BD+ DCxs, : BC+ BD-+-DC—DCc, 
csg7<B. 
That is, the Product of the Sines of the two containing Sides 
is to the Square of the Radius, as the Product of the Sine of eae 
the Sum of the three Sides, multiplyed into the Sine of half the 


Sum of the three Sides leflen’d by the oppofite Side, to the S 
of the Co-fine of half the contained ae : quate 


Wherefore, 


The Produét of the Sines of the Sum of the three Sides, and the 


three Sides leflened by the oppofite Side, divided by the Quo- 
tient of the Rec-angle of the Sines of the two containing Sides 
et cd by the Radius, will produce a Sine; which multiplyed by 
the Radius, will give the Square of the Co-fine of half the con- 


tained Angle. 


- ‘Elence we are taught how, as in Cafe the 11th, from the three 
Sides of an Oblique-angled Spherical Triangle, to find any one of 


the Angles. 


| For from half the Sum of the three Sides, fubftract the Side op- 
pofite to the Angle required, and it will be, | 


As the Radius, 
To the Sine of one of the Sides, containing the Angle required 5 


So is the Sine of the other containing Side, 


To a 4th Sine. 
4 | Y As 


oat Pee 
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As the 4th Sine, . ' 
Is to the Sine of half the Sum of the three Sides 5 


So is the Sine of the Difference between half the Sum of the 


three Sides, and the oppofite Side, 

To a 7th Sine. 

To which 7th Sine add the Radius, (if you work by Artificial 
Sines) and half that Sum will be the Sine of the Complement of 
half the Angle required. | 

Now. If be put equal to $ BC-+BD-+ DC, and » equal 
to? BCL DB+ DU DC; then s, BCxs, BD Ry. ** 


S! tK . Rg yee 
s,3xX%8s,x:cesq +4 <B. Wherefore —~— pelle BACIT S08 
) * G3 8, BC xs, BD 5,8 X8,X. hat 
° Rg : : [ R 
BS) mre tee X $4 XS, W == CSG TB, or, —_. K ——— x 
’ 8,8 Ces, BP 0? ’ qd SABC ales 


8x8, x=csgi<B, That is, Becaufe the Difference be- 
tween the Logarithmic Radius and the Logarithmic Sine of any 
Arch is called the 4rithmetical Complement of the Sine of that 
Arch,. 


To the A4rithmetical Complement of the Sine of one of the con- 
taining Sides, He 

Add the Arithmetical Complement of the Sine of the other con- 
taining Side; | 

Alfo the Sine of half the Sum of the three Sides, . 

And the Sine of half the Sum leffen’a by the Side oppofite 

Half the Sum of thefe four Sines will be the Co-fine of half the 
contained Angle. - 

And fince (as has been already proved, in Seé#, 2.) that the An- 
gles of any Obligque-angled Spherical Triangle, conftitute another 
Triangle, whofe three aes bare equal to the three$ sidee 
except that the greateft Side is the Supplement of the greateft 
Angle, and the Supplement of the greateft Angle the Supplement 
ot the greateft Side, We are taught how to refolve the 


XUth. Cafe. 


Where the three Angles are given, to find the Sides, viz) 
For from half their Sum, fubtrac& the Angle oppofite to the 
Side fought, and it will be, | CrAS) 


‘ 
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the Application of the fame Section to Aftronomy. 


| Spherical Trigonometry. 287 
As the Radius, 

To the Sine of one of the Angles adjacent to the Side required ; 
So is the Sine of the other adjacent Angle,, 

‘To a 4th Sine. 


As this 4th Sine, <i 

To the Sine of half the Sum of the three Angles ; 

So is the Sine of the Difference before found, 

‘Povavth Sine. ig 

To which add the Radius (if you work by Artificial Sines) and 
half that Sum will be the Sine Complement of half the Side fought. 


Or, To the Arithmetical Complement of the Sine of one of the 


adjacent Angles, 


‘Add the Arithmetical Complement of the Sine of the other adja- 
cent Angle; | 

Alfo the Sine of half the Sum of the three Angles, 

And the Sine of half the Sum leffen’d by the oppofite Angle ; 

Half the Sum of thefe four Sines will be the Co-fine of half the 
interjacent Side. | 


N. B. If one or more of the Angles be Obtufe, you' muft make 
ufe of their Supplements; and if the Side oppofite to the Obtufe 
Angle be required, the Quantity produced by the aforefaid Ana- 
logy will be its Supplement.. 


eel 
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Containing fome eafy Stereographical Problems, 


ahofe Solutions zaturally flow from the Princi- 
ples latd down in the 1{ SeGion 5 of great Ufe 12 


PROBLEMI. 
To find the Pole of any Projetted Great Circle. 


Of thefe Projegted Circles there are three Sorts; Bs 
| a 1. Lhe 


= 


2$8 Stereographical PROBLEMS. 


1. The Primitive Circle, or Periphery of the Plane of age? 
2. Right Circles, or fuch as when Projected, are reprefented by 
nes. a 
ss Ohlins Circles, or the Reprefentation of fuch great Circles as _ 
are not perpendicular to the ‘Pane of ‘Projection ; which Circles, 
altho’ they don’t become Right Lines in the Projection, yet they 
divide the Primitive Circle into two equal Parts; and the Line con- 
necting their Interfections pafles through the Center of the fame. 


Cafe I. 


To find the Pole of the Primitive Circle, or Periphery of the 
Plane of Projection. 


Solution. LIF sk 
Find the Center of the fame Circle, and you have the Pole, ~ 
G. €. 4, 


. Cafe II. 


To find the Pole of a Right Circle, or fuch a Circle as in th 
Projection is reprefented by a Right Line. 


Let bd be the Circle given. P 


Solution. 


Crofs it with a Line at Right Angles, 
and the InterfeCtions of the Diameter _ 
with the Primitive Circle, will be the two _ 
Poles. r) 

Or, aa 

Set off go Degrees from either Extre- — 
mity inthe Periphery of the Plane of 
Projection, and the Points fo found, will — 
be the Poles. Thus a and m are the © 
Poles of the Circle bd, and b and dthe © 
Poles of the Circle a zz, 


Cafe 


Stereographical BR ORBLE M.S. 


rt | Cafe IIT. 
To find the Pole of an Oblique Circle, as b-n a. 


Tt has been already proved, that the Poles will be found ia 
that Proicced -Dianieter, which cuts the Line connecting the Inter« 
fection of the Ob/ique Circle with the “Primitive Circle at Bight 
Angies, and are 90 Degrees diftant irom the Interfection ot the 
Obsigue Circle with the fame Line, which Line is called the Pro- 
jected Axis. 


Solation. 


1. Through d and , the Interfection of the Oblique Circle with 
the Primitive Circle and ‘Projedted Axis, draw the Line b 7 0, cut~ 
ting the Primitive Circle in 0. 


2. Set off 90 Degrees both Ways in the Primitive Circle from 
otoz¢and x, : 


Then through 4, and the Points laft found, viz. t and x, draw 

the Lines 2¢ and x, continuing them, if need be, till they cut 

the Projetted Axis amin p and q, which InterfeQions will be the 
Poles required. 


Or fet offthe Semi-tangents of the Sum and Difference of 90 De= 
grees, and #c, the nearett Diftance of the Ob/igue Circle, {rom the 
remote Pole of Projecion cach Way: That is, the Semi-tangent 
of the Difference from the Center, the contrary way with the Ob- 
Vique Circle, and the Semi-tangent ofthe Sum, the fame way with the 
Oblique Circle in the Projeted Axis, and you have the Poles, 4. ¢. ¢ 


Thus p and 4 are the Poles of the Oblique Circle bud, 


And fince, as has been proved, the Poles of all {mall Circles 
are the fame with thofe great Circles to which they are parallel, 
it will be eafy from hence, to find the Poles of any {mall Circle 
_ whatfoe ver. he} | | 


| 
xe 
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If it were required to defcribe a great Circle about any Point 


of the Pole. 


ter, then the Primitive Circle is the 
great Circle, 


a. If the Point given be in the Pri- 
mitive Circle, as a, 


the Diameter d EK, and at Right Angles 


the great Circle. 


within the Circle, as p, 


the Diameter dp E, and crofs it at. 
Right Angles with the Diameter ¢ ed. 


1. If the Point given be in the Cen—= — 


Xe 


Through @ and the Center c, draw 


to it the Diameter a¢b, which will be — 


3. If the Point be taken any where | 


Through the given Point p, draw 


‘ 


? 


Then thro’ the Point a, and the given 
Point p, draw the Line apt, and fet 


off the Arch /¢ from ¢to.s, and draw _ 


the Line @ x53 then will z be the Center, and 42 the Radius, 


of the Circle to be drawn. 
PROBLEM I. 
From any Point given, to lay down any Angle in the Projedion 


This Problem admits of three Varieties 5 


1. When the Angular Point is'in the Center of the Projeftion. 
2, When the Angular Point is fomewhere 1a the Periphery of | 
the Plane of Projection. 


3. When the Angular Point is neither in the -Ceater, nor in. the: 


Periphery, bat fomewhere in the Plane. | | 


To lay down an Angle, where the Angular Point is ‘in the Cen— a 


ter of the Prinzitive Circ/e. 
Solutions. 


Lye 


Stereographical PROBLEMS. 
Solution. 


From any Point of the Periphery as a, 
fet off the Degrees of the Angle top, a 
and draw the Lines ¢@ and cp, and the 
Thing is done. | 
| Cafe II. P 
7 m 
_ Ifthe Angular Point be in the Periphery of the Plane of Pro 
jection, as fappofe in a, 
Solution, 
1, Through ¢, the Center of the Prismitive Circle, and a2 the 
Point given, draw the Line aed, meeting the Periphery in d. 
2, ‘Lake the Secant of the Given Angle to the Radius ¢ @ or cd, 


between the Points of the Compafles, and fetting one Foot in 4, 


_ draw the Diameter ac od, and crofs 
Diameter, as dc ma. 


draw the Line 0 g, and thro’ its 
_ Interfection g with the Periphery, 


é 


with the other deferibe the little Arch 7; and with the fame 
opening of the Compafles, fetting one Foot in a, with the other 
‘crofs the former Archin #, 

3. With the fame Diftance, fetting one Foot of the Compafics 
in #, {weep the Arch ao 4, and the Thing is done. 


Cafe III. 


If the Angular Point be not in the Center, neither in the Peri- 
phery, but in fome other Point within the Circle, as 0, 
| Solution, 

1. Through the Point given 0, 
and the Center of the Projection «, 


2 


it at Right Angles with another 


2. ‘Thro’ m and the given Point 4, 


draw ¢g, till it meet the Tangent 


, 


3. Set off the Diftance @ 0, from ¢ to p, and draw p # parallel to bm, 
Oo2 4. Making 


eth POSES Dev PE Ay Se a ae 
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4. Making op the Radius of a Line of Tangents, fet off the Tan= 
gent of the Complement of the Angle given from pto x ; on which, 
as a Center with the Diftance x 0, defcribe the Circle ros, and the thing 
isdone. All which is abundantly manifett from Prop. 1. Seé. § 


PROBLEM IIL 


To draw a great Circle through any given Point, making with — 
the Primitive Circle any given Angle. ; 


Let the Point given be p, and the Circle: 
to be defcribed ap 4, making a given An- 
gle p do with the Primitive Circle. 


Solution.. ‘ 
tr. With the Tangent of the given An- 
gle, between the Points of the Compafles, 
fetting one Foot inc the Center of the Pri— 
| mitive Circle, ftrike the Arch q. — a 
2. With the Secant of the fame Angle between the Points of 
the Compafies, fetting one Foot in p the Point given, with the 
other crofs the former Arch, in q. ar | 
3. With the fame Diftance between the Points of the Compafies,. 


fetting one Foot in g, with the other defcribe the Circle a pb, and: — 
the ‘Thing is done. 


PROBLEM Iv; i 
_ To draw a great Circle paffing through any two. Points given: 
in the Plane of Projection. : 


Cafe FE. 


Tf one of the Points be in the Cen= _ 
ter, and the other in the Periphery 
as a, or within the Periphery as r5. 
then through ¢, and the Point given, — 
draw the Line ar¢m, andthe Lhing 
is done. he 


i) 


‘Cafe 


Stereographical PROBLEMS. 
Cafe II. 


If neither of the Points r or @ be in the Center. 
. | Solution. ; 
1; Through one of the Points, r, draw a Diameter ¢ rem, and 
crofs it at Right Angles with the Diameter 0 2. ‘ 

2. Join the Points r and b, and draw baa Perpendicular to br, 
‘and continue it till it meet the Diameter @ m, produced in », 

3. Through the Points r, q anda, defcribe a Circle, and the 
Thing is done. 
PROBLEM VY. 

Through a Point given in a great Circle, to draw another great 

Circle, which fhall cut it at Right Angles. 


General Solution. 


Through the Poles of the great Circle given, and the given Point; 
draw the Arch of a Circle, and the Thing is dones 


Cafe I. 


_ J£it be required to draw a Circle that 
fhall pafs through any given Point, as p 
or b, and be perpendicular to. the Prini~ 


tive Circle. 
Solution: 


Through the given Point por 4, and 
the Center c, draw the Diameter ) pcm, 
and the Thing is done.. 
Cafe Ik 


If it be required to draw a Circle perpendicular to a Right Cirs 
ele, which fhall pafs through its Middle ¢, or the Center of the 
Primitive Circle, : 


| Fe . Solution. 

Through ¢ the Center given, draw the Line ad at Right Aa- 
gies, to the Right Circle given 2 m, and the Thing is done, 
preted ta Cafe: 
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Cafe IIL. 
If it be required to draw a Circle perpendicular to the Right 


Circle 212, and to pafs through the Point p placed out of the 


Center: 
Solution. 


1. Crofs the Diameter or great Circle given bm, at Right Ans 
gles with another Diameter, a d, 
2. Conneé& the Points a and p, by a Right lines 
3. Bifect the Line ap by the Line 0, and continue it till it 
meet the Diameter 0m, in a, 
4. On# asa Center, with the Diftance #@ or # p, deferibe he 
Citele 4 p ad, and the ‘Thing is done. 


Cafe IY, 


To draw a Circle perpendicular to an Oblique, Circle, and to. 


pafs through a given Point. 


If the Point given be in the Middle of the Oblique Circle, as 
at mm, then through it, and the Center of the Primitive Circle, 
draw a Right Circle or Diameter, and the Thing is done. 


But if the Point given. be not in the Middle, as my but in ‘fome 
other Part, as ¢ 
Solation. 


1. Find the Pole of the ans Oblique 
Circle, by Problem the sft. 


the given Point g, draw a great Circle 
by the 4th Probient, and the Saud is 
dene. 


PROBLEM VI 


From any Point given, to lay any Quantity of Degrees on @ 
ee Great Circle, 


oy ni rte 


2. Through the Pole laft found, and 
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wer 


Cafe d. 


Tf it be on the Primitive Circle, fet off ,'. 
the Degrees from a Line of Chords inthe | 
Periphery from the Point given, and the 
Thing is done, 


Cafe II, 


If it be required to lay off a certain Number of Degrees in 
| Right Circle, from a given Point. | 


If the Point be in the Center. a 


Solution. 


Set off the Semi-tangent of the given Arch in the Right Circle, 
from ¢ the Center to 0, and the Thing is done, 


| Or, 

Set off the Number of Degrees in the Primitive Circle, from the 
other Pole of the Right Circle, as from @ to », and draw the 
Line 4x; the Part co cut off in the given great Circle, between 
the Center ¢, and the Interfection o will be the Part fought. 


If the. Point given in the Right Circle be not in the Center, 
but in fome other Point, as o. 
. Solution. 
To the Degrees anfwering to the Semi-tangent of the Arch co, 
Add or Subtract the Deerces given, according as the Ca/é requires. 
| That is, If it be required to be fet.off from io towards’, then the 
_ Semi-tangent of the Sum muft be {ét off from ¢ towards J, to z. 
But if it be required to be fet off towards the Center 5 that is, 
from 0 towards ¢, then the Semi-tangent of the Difference fet off 
‘from ¢ towards 0, will give the Point fought. — | 
| But if in this Cafe it fo happen, that the Degrees. given, exceed 
' indNumber thofe anfwering to the Arch ¢ 0, | 
. Solution, 


my 
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Solution, — . 

Then from the Number of Degrees given, Subtract the Degrees 

anfwering to the Arch co, and fet off the Semi-tangent of the 


Remainder from ¢ towards m#, to p3 and the Arch o p, will be that. 
which was required. 


From a, one of the Poles of the Right Circle, through ¢ or @ 
the Points given, lay a Ruler, and obferve where its cuts the Pri- 
mitive Circle, asin @ or x. From the Points thus found, @ or x, 
as the Café requires, fet off the Number of the Degrees, either to- 
wards J or m, that is, tow ory; and from the Points laft found, — 
to @ lay a Ruler, and where it cuts the Right Circle, asinz andp, 
it gives the Poiats fought. | 

Cafe III. 


Tf it be required to lay off a certain Number of Degrees, 1n an 

Oblique Circle, as ao a, 

Solution. 
1. Find the Pole of the Obdique Circle. | ; 
2, Lay a Roler from the Pole laft found, over the Points, and 
obferve where it cuts the Primitive Circ/e, as in w. 

_ 3. Set off the Number of Degrees from the Interfection #, in 
the Primitive Circle, either Way, as the Cafe directs, either to b- 
or x; and draw the Line pb or px, and the Arch So, or s 7, will | 
be that which was required. 


P ROMS ee Mrev it: 
To meafure any Portion of a Projected Great Circle.. 


This Problem being no other than the Reverfe of the former, ' 
we fhall make Ufe of the former Figure. . | i 


Cafe I. 


If it be required to meafure any Portion of the Primitive Circle, — 
asx; apply it to the Line of Chords, and the Number of De= — 
grees Is given, f 4 

Cafe 
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Cafe II. 


Ifit be required to meafure any Portion of a Right Circle, as x pu 

— Solution, | 
1, Having found one of its Poles as 4, by Problem the 1 ff, lay 
a Ruler over the fame Pole, and the Extremities 2 and p’of the 
Arch you would meafure, and the Arch yw cut off in the Priygj- 
tive Circle, is equal to the Number‘of Degrees of the given Arch; 
which Number of Degrees of the Arch #y, may be meafurcd by 


the 1/7 Cae. 
Cafe Il. 


If it be required to meafure any Portion, as s7, of an Oblique 
Circle, a0 a. | ; 


’ 


Solution. 

1. Find the Pole of the Oblique Circle, by Problem the 1 ft. 

2. A Ruler Jaid from the Polar Point over the two’ Extre- 
mities of the Arch sr, will give the Points # and x; the Space 
_ intercepted between them being meafured as in the 1/7 Ca/é of this 

Problem, will give the Quantity of the Arch, @. 6, 4. 3 


PROBLEM VIII 
To meafure a Spherical Angle, 


To render this Problem more intelligible, it may not be amifs 
to repeat the Demition of an Angle given in the Second Seétion, 
viz. | 
That the Meafure of a Spherical Angle is equal to the Arch of 
_a great Circle (of which the Angular Point is the Pole) pafling 

through the two Poles of thofe great Circles which conttitute the 
| Angle, and intercepted between them. 


Hence, and from the Seventh Problem, follows, 


The General Rule. 
If a Ruler be laid over the Angular Point, and the two neareft 


Poles of the great Circles which conftitute the Angle, the Arch 
cut off in the Primitive Circle, will give its Meafure. 


Pp Cafe 


2. 
3 
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is in the Center. 


Circumference, and the intercepted Arch applied to a Line of 
Chords, will give the Mealure. 


rey iy i oe 


| Cafe I. | d 
If it be required to meafure an Angle, when the Angular Point 


Solution. | 
Continue the Lines that form it (if need be) till they cut the 


Cafe If. 


If it be required to meafure an Angle, © 
astma, when the Angular Point is in 
the Periphery. a 

Solution. , 

1. Find the Pole p, of the Ob/ique Cir= 
cle m aq, and the Diftance p ¢ applied to — 
a Line of Semi-tangents, will give the 
Meafure of the Angle required. . 


Or, ? 
1. From mthe Angular Point, through p and ¢ the Poles of the 
Circles maqand mtsqu, lay a Ruler, and obferve where it cuts 
the Periphery of the Primitive Circle, asin q and w. 
a, Apply the Diftance 7 w, toa Line of Chords, and the Num-— 
ber of Degrees that it meafures will be the Quantity of the Angles 


Cafe Hl. | 


“Tf the Angular Point be within the Periphery, and not in the 
Center’'as a, and it be required to determine the juit Quantity of 
the Angle. ea 

1. Find the Poles p and x, of the two Circles ma q and nary 
conftituting the Angle. 7 j 
2, Apply a Couple of Rulers, or draw a Couple of Lines from 


the Angular Point a, through the two Poles p and x, and the Arch” 


y w applied to the Line of Chords, thews the Number of Degrecs 
of the Angle. 9.44 a 


- % 


PR Oa 
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| oe PROBLEM IX, 


| To draw a Parallel, or {mall Crete 


Cafe- I. 
‘Ifthe Circle to be projected be parallel to the Primitive Circle. 


Solution. 


\ 


. With the Semi-tangent of its Diftance 

from, the Pole of Projection or Center; or 
| the Semi-tangent of the Complement of 
its Diftance from the great Circle to which 
it is parallel, between the Points of rhe 
Compaffes, fetting one Foot in the Center 
or Polec, with the other defcribe the {mall 
Circle bg, and the ‘I hing is done. 


Cafe II. 


Ifthe {mall Circle d 0m, to be projected, be parallel to the Righe 
Circle ad. 


Solution. B 


_ _ Having fet off the Diftance of the Paral- 
~felin the Primitive Circle, from 0 tom, or 
from @ to 4, draw mu a'Tangent to the 
Point #; or make the Angle cam Right, 
and the InterfeGion #, of the Line 7 #, with 

the Diameter, (which is at Right Angles to 
ab) isthe Center, and » 7 the Radius; by 
the Help of which the Circle may be de- 
{cribed. 


On, g 


- Having found the Points of Interfection and d as before, , 
with the Tangent of the Complement of the fmall Circles Diffance 
from the Right Circle, to which it muft be parallel, between the pet 

“Points of the Compatfes, fetting one Foot in m, ftrike a {mall 

“ Pp2 ecen Es Cie Arch 


e 
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Arch at #, then placing one Foot of the Compaffes in the other 


Point d, crofs the former Arch in 7, which will be the Center. 


fought; the Radius being the Diftance between the Points of the 
Compatfles, Or, 


Having fet off the Semi-tangent of the fmall Circle’s Diftance _ 


from the Right Circle to which it is parallel, in the Line co, from 
e too; fet off the Secant of the Complement of the fame Diftance 
from ¢ to #, which Point # will be the Center; and the Diftance 
between the Points found, o and w, will be the Semi-diameter ; 
by the Help of which the Circle may be deferibed. 


Or, 


Having fet off the Semi-tangent of the neareft Diftance of the 


{mall Circle from the ‘Pole of Projedion, from ¢ to 0, it will give 
one Interfection of the Diameter; and the Semi-tangent of the 


Complement of the fame to 180 Degrees from the Center, the fame. 


| Way to p, will give the other Extremity of the Diameter; the 
Middle of which, # will be the Center. 


Cafe III. 


- 'To draw a Circle parallel to any Oblique Circle given. 


2 


ie ena Find the Pole of the Obs/igue Circle 
fe given. 
2. Set off the Semi-tangent of th 
TH greateft and leaft Diftances of the fmall — 
a bce | is Circle on its Projetted Axis, from the © 


Center or Pole of Projection; either on the 
fame or contrary Sides, as the Caf di- 
rects, Zhat is, From s to m, and from s 


too, and you have the two Extremities - 


c of its Diameter, the Middle of which, 
viz, 9, will be the Center. 


o) 


If the Diftance of the fmall Circle to be deferibed from its Pole, — 


be lefs than the Diftance between its Pole and the Pole of Projettion, 
then the Semi-tangent of the Sum and Lifference of the Diftance 
of the two Poles, and the {mall Circles Diftance from its Pole, fet 
off on the fame Side of the Center as the Pole is, will give the 
two Extremities of the fmall Circles Diameter. But, 

is If 


> 


cle given, viz. p, through it ftrike a 


projected. 


So Oe lad 


| a Stereographical PROBLEM S: JOr 
If the Diftance of the fmall Circle to be projected from its Pole 
be more than the Diftance of the two Poles, viz. the Pole of Pro- 


jettion, and the Pole of the Oblique Circle, then the Semi-tangent 

of the Sum of the two Poles Diftance, and the {mall Circles Di- 
ftance, fet off on the fame Side of the Center as the Pole is of, will 
give one Interfection; and the Semi-tangent of the Excefs of the 
{mall Circles Diftance from its proper Pole, above the Diftance of 
the two Poles, fet off in the Projected Axis, on the contrary Side 
of the Center with the Pole, will give the other Interfeétion of the 
fmall Circle, the Middle between which two InterfeGions willbe 
the Center, 2 On 


1. Having found the Pole of the Cir- 


great Circle, asa@pe, at Right Angles 
to the former. | 
2, Set off the Diftance of the paral- 
lel to be projected, from @ to r, and 
lay a Ruler over m and the Point r, 
and obferve where it cuts the great Cir- 
cle @p ¢, asin 4. 
3. From o, the Center of the Circle 
ape, to qgthe Point laft found, draw 
the Right Line o g, and make the An- 


_gleogua Right Angle. 


On 7, asa Center with the Radius g 2, defcribe a {mall Circle, 


and the Thing is done: 


PROBLEM X. 


To meafure any Portion or Segment of a {mall Circle, when 


Cafe I. 


Ifthe fmall Circle given be parallel to 
the Primitive Circle. 

From ¢ the Center of the Primitive Circle, 
through the two Extremities of the given. 
Arch a and b, draw the Right Lines ¢ a and 
cb, cutting the Primitive Gircle in d and m; 
the Arch dm is the Meafure of the given 
Arch 4 2, 


as Te $ “} , 1 f i bat 
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By the Inverfe Method, may any Number of Degrees be laid a 
down upon any fmall Circle parallel to the Prinztive Circle, from 


any Point given. ater | a 
ale . i 4 


- "To meafare any Part or Portion of a fmall Circle, parallel to 
: any projected. Right Circle. : 


1. Confider the Diftance of the fmall 
Circle given from @ its Pole, and de=— 
{cribe a {mall Circle g rts, as far di- 
{tant from the under Pole of Projec= — 
tion ¢. 


», From d through the two Extre- 
mities z ahd v, of the Arch 2 v to be. 
meafured, draw the Lines 4 2, aus 
and continue them till they interfect: 
the Parallel gf s, inv and ¢. 


7 ce 67; ; 

From a through 2 and v, the two Extremities of the Arch z v, 
draw the Right Lines 24 z and av, to ¥ and y. 6a ae @ 

3. Meafure the Arches yx or rf, according to the Directions — 
Sie in the 1/# Ca/é, and you have the Meafure of the given — 

rel zu; 

By the-Inverfe Method, may any Number of Degrees be. laid 
off, in any Circle parallel to a projeGed Right Circle from any — 


Point given. 
Cafe Ll. 


To meéafure any Part or Portion of a {mall Circle, parallel to | 
any Oblique Circle given, 


a 1 As in the former Café, fo in this; 
a b confider the Diftance. of the {mall Circle, 
ra Part of which is to be meafured) from — 
cither of its Poles; and defcribe a {mall. 
Circle parallel to the Primitive Circle, as- 
far diftant from the under Pole. ‘ 
9. Lay a Ruler over the Pole p, and 
the Extremities of the Arch of the {mall 
Circle z v; and obferve where it cuts theg 


parallel Circle laft draw”, in wand y. 3. Find 


- 


_ 


_ thenufe and Angles. 
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3. Find the Quantity of the Arch xy, by Ca/é the 1f? of this 


| problem, and the Thing is done. 


By the Inverfe Method, may any Number of Degrees be laid 


off in any {mall Circle parallel to an Oblique Circle trom a given 
“Point. —. 


The three Ca/es of this Problem may be refolved by this one 


| General Law, viz. 


Through the Pole of the finall Circle given, and the two Ex- 
tremities of the Arch to be meafured, ftrike two great Circles, and 
the Angle contained between them will be the Meafure of the 


‘Arch given; the Quantity of which Angle may be difcovered by 
the 82h Preblem. 


And hence we are taught how to divide any Given Parallel into 
any Number of Parts, equal or unequal, as fhall be defired., 


In the Solutions given to the feveral Cafes of thefe Problems, 


~T have not referr’d to thofe Propo/itions or Corollaries upon which 
they immediately depend; fince he that is but moderately ac= 


quainted with the 1/f Section of this Parr, will find it no difficule 


' Task to doit himfelf. 


\ Greece 


SF Cah. ML 


Containing the Stereogra phic Projections of the feve~ 
rab Cates of Right-angled Spherical Triangles. 
PROBLEM 1, 
Cafes’ 6, 8. >: 
Given the two Sides, to find the Hypo 
Example. 
In the Triangle A BC, are 
Bay 
cd Op A Baghe tes bay ens Os 
Given 9 BC g required 2 AS | 


1, Defcribe 


NS n'y Yate sh ert a oy bes 
SOS ie) eae i, A Oe Pie ae 
Se SU Se eh eae a 
a , ‘ 4 


304 Stereographtcal PROBLEMS. | 
¥. Delcribe the Primitive Circle RC BQ, and draw the Diame- 
tet Arona bee ; 
2. Having found one of the Poles, as O, of the Circle R B, by | 
Preb. tke iff of the laff Sefion, by the Help of it, fet off the Com- 
plement of AB, from Sto A. 7 
3. Set off the Number of Degrees of BC, in the Periphery of 
_ the Primitive Gircle, from B to C, . 
4. Uhrough the Points C and A, ftrike the Arch of a great 
Circle, by Prob. the ath of Se. the 5th, and the Thing is done ; 
and A BC is the Triangle fought. ; 
The ‘Triangle being thus defcribed, the Angles may be mea- 
fur’d by Prod, the 8th, and the Hypothenufe by Prob. the 7th of 


Sect, the 5th, 
PROBLEM U.. 
Cafecot sr0 Tan 


The Hypothenufe and one of the Angles being given, to find — 
the Sides and the other Angle. 


Example, 
In the Triangle A BC, are 


AB 
Givenf 2 6b to find <At 


1. Through the Point C, (taken at pleafure) ftrike the Arch of — 
a great Circle, as C A, making an Angle with the Primitive Circle ~ 
equal to the Given Angle, by Prob. the 2d, and find its Pole O, © 
by Prob. the 1ft of Seét. the sth. | 

2. By the Help of the Pole 0, lay off the Number of Degrees 
of the Flypothennfe in the great Circle laft defcribed from C to A, 
according to the Directions given in Prob. the 6th of Se. the 5th. 

3. Through the Center of the Primitive Circle S, and the F’x- 
tremity A, of the Arch cut off, drawa Diameter or great Circle 
RAB, and the Thing is done; and the Sides A B and Bey? 
may be meafured by Prod, the 7#b, and the Angle at A, by Prob. 
the 8th of Seét. the 5th. 


PROB. 
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PROBLEM IIL 
Ges 9) O;4. 1) 


One of the Angles and the Side adjacent being given, to find 
the remaining Parts of the Triangle. : 


Example. 


‘ 


Inthe Trian gle ABC, are 
| <A 
Given 5 ee t required A “ 


1. Through the Center of the Primitive Circle 5, draw the 
Diameter R AB. 

2. Set off the Side BC, in the Primitive Circle, from B to C, 

3, Through C draw 4 great Circle, making with the Prizzitive 
Circle an Angle equal to the Given Angle C, by Prob. the 2d of 

Set. the 5th, and ABC will be the Triangle. | 

The Qaantity of the Sides A B and AC may be determined by 
Prob. the 7th, andthe Angle BAC, by Prod: the 8th of the fame 
Seétion. 


If inftead of the Angle C, the Angle at A had been given, as 
in Cafes the 2d and oth, where are 


eiren +} She to find the refh, 


1. Having drawn the Diameter R B, fet 
off the Complement of A B from S to A, 
by Prob. the 6th of the latt Section, 


Q 


2. Through A, draw the Arch of a great Circl ki i 
the great Circle RBan Angle, equal a the pao aa by Preb, 
ae aa bane the sib, wea ee Thing is done; and the required 
Parts of the Triangle may be meafured b b. the 7th 

“Vand 8th of Set, the stb. Re TAY stage! 
| | Q4q PR O- 
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PROBLEM IV. 
Cafes 3, 4, 12. 


One Side and its oppofite Angle being given, to find the other 
Parts of the Triangle, x 


Example. 
In the Triangle ABC are, . 


? : AB 
Gives j a coma ; <ce | 
C 


La a a Ve 1. Having drawn the Right Circle RSA B, 

find its Pole by Problem 1ft of Seé. the sth. 

2, Set off BC in the Primitive Circle from B to C, and from O° 
to N, and draw the Right Circle NPSQ. 

3. About the Point O, as a Pole, defcribe the fmall Circle at the 
Diftance of the Angle A. NR q 

4. About the Point P, where this {mall Circle interfects the 
Right Circle NPSQ, draw the great Circle C 4D, and the 
Thing is done; and ABC isthe Triangle, the Hypothenufe AC, — 
of which, and the Bafe AB, may be meafured by Prob. the 7th, 
and the Angle at C, by Problem the 8th of the laft Segtion. 


If the Angle at C and A B had been given, 


1. By Problem the oth of the former 
Section, defcribe the fmall Circle § A, at 
the Diftance of AB from the Primitive” 
Circle. it z | 


2. At fome Point as C, (taken at Plea-. 
fure) make the Angle BC A, equal to the © 
_ given Angle. , Co ae 

3. Through the. Taterfection A, draw the Diameter RB, and_ 
A BC will be the Triangle fought : The Side BC,the Hypothenufe — 
AC,and Angle at C,may be meafur’d by the 772 and 8th Probienss 
of Section the Sth. ath SY AS li 
eas’ |  PROB-— 


” 
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PROBLEM VY, 
Calts 53-7, 13... 


The Hypothenufe and one of the Sides being given, to conftru@ 
the Triangle, and determine the Length of the other Side, and 
the Quantity of the Angles, | : 


|= 


Example. 
In the Triangle A BC, are 


| <G 
© Givens G5} to find JAB 
, L<A 7 
1. Having defcribed the Primitive Circle, and drawn the Dia 
meter RB, tet off the-Side C B from B to GC. 
9. Abcut C, as a Pole, at the Diftance of C A, defcribe the Pa- 
rallel #2”, by Prob. the oth of the former Seétion. y 
3. Through the Interfection A, and the Point before found C, 
draw a great Circle as CA, and the Triangle A BC will be thae 
which was required; the Side AB of which, may be meafured™ 
by Prob, the 7th, and the Angles A and C, by Prob. the 8th of 
the laft Se#en, 
Tf in the Room of CB, the Side A B had been given. 


_ 1. About the Point C (taken at Pleafure) m 
asa Pole, defcribe the fmall Circle a # at G 
the Diftance of AC the Hypothenufe, by 
Prob, the oth of Sec. the 5th. \ 
2. About the Point S asa Pole, defcribe p(- B 
the Parallel AQ at the Diftance of QS, - 
the Complement of the given Side A B, n. 
__ 3. Through the Interfeétion A, and the 
Center 5, draw the Diameter RB; alfo 
thro’ the fame Interfection A, and the Point C, draw the Arch 
of a great Circle as C A, by Prob. 4. of the former Section, and 
ABC will be the Triangle required ;.the Side C B of which, may 2 ee 
be meafur’d by Prob. the 7th, and the Angles at C and A, by Prob. me 
the Sth of the former Seion. See: : | to 
) Qq 2 . PROB 
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PROBLEM VI. 
Gatesiag 5.6 Wt.O. 

The Angles being given, to project the Triangle, and deter- 


mine the Length of the Hypothenufe and Sides. 


_ Example. 
In the Triangle A BC, are 


B 
Given 5 Ss to fd CAG 


1. Draw a fmall Circle parallel to RB, 
at the Diftance of the Complement of the 
Angle A. | 

». About the Point S, the Center of the Primitive Circle, at th 
Diftance of the Angle C, deferibe a fmall Arch cutting the Parallel 


in the Point P. f hs 
3. About the Point P as a Pole, defcribe the great Circle C AQ, 


and the Thing is done; and AB C will be the Triangle, the Sides 
of which may be meafured by Prob. the ath of Set the Sth. 


S.E CG Fe-ViE 


Containing the Stereographic Projection of theTwelve 
Cafes of Oblique-angled Spherical T riangles, 
PROBLEM-1L 
Gales 1505597. 


Two Angles and a Side oppofite to one of them being given, 
to find the other Angle and the two Sides. 
; Example. 
In the Triangle B DG, are 
< . 2 D Ge 
Given s BD orequired< <= 
CeO A Re ¢ | 
1. At anv Point as B, (taken at Pleafure) 
in the Primitive Circle, form an Angle equal 
to the Given Angle B, by Prob. 2. of sagt 5. | 
ah a. rin 


* 
. 
lm 
ai om did iy : . . a ‘ 
A a ee Pe 
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_ 9, Find the Pole P of the great Circle R DB, and by the Help 
of it, cut off the Arch BD equal to the Given Side BD, by 
Prob. the 6th of Seét. the 5th. 

2. With the Tangent of the Angle C, between the Points of the 
Compafles, fetting one Foot in S the Center, fweep the little Arch 
Q ; and with the Secant of the fame Angle, fetting one Foot in D, 
crofs the former Arch in Q. 

4. On Q as a Center, with the fame Extent of the Compafies, 
— fweep the Arch of the great Circle DC, and the Thing is done ; 

and DCBis the Triangle required. 
| The Sides DC and BC may be meafured by Prob. the 7th of 
Se. the sth, and the Angle at D, by Prod. 8, of the fame Section, 


PROBLEM IL 
Cafes 2, 3, 4 


- 'Two Sides and an Angle oppofite to one of them being given, 
to find the other Parts of the ‘Triangle, , 


Example. | Cc 
In the Triangle DBC, are | 22h, 
SCP 2 S<D ; NSS) 
Given ~< B¢ required S DB B 
CBC) C=C 


1. Onthe Primitive Circle, from any Point 
as B, fet off the Number of Degrees of BC 
from B to C, | 
9. By the Help of the 2d Problem of Section the 5th, form an 
Angle at the Point B, equal to the Given Angle B. 
it > About the Point Cas a Pole, draw a Parallel or {mall Circie 
at the Diftance of DC, by the Help of Prob. the oth of Se# the 5th, 
4. Through the Interfection D, of the Parallel laft drawn, with 
the great Circle DB, and the Point C inthe Primitive Circle; draw 
the Arch of a great Circle, and the Triangle DC B, -is that that 
was required } and its unknown Side may be meafured by Prod, 
the 7th of Seid. the stb, and its Anglas, by Problem the 8th of the 
fame Sefton. 
N.B. Ifthe fmall Circle cut,the great Circle D B, in more Places 
than one, as it will do in all Cafes except one, it thews the Que- 
“ftion is capable of more than one Anfwer., And if thro’ the two In- 
terfections D, D, and the Point C, two great Circles are ftruck, they 
wil! determine the feyeral Values of the Things fought. ae 
iS B- 


: a Jt ~ 
sc cae te Bs cath ge a 


~~ —E—EE—I=Ix- 


I ee 
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POR O VB Lar Mi ite 

| ies 16..\.8%; ) 

Two Angles and the interjacent Side being given, to find the 

other Parts of the Triangle. baer . 
Example. 

In the Triangle CB D, are 


Bie eee DC 
Given< B D Crequired< <C 
<<D BC 


1. At any Point as B (taken at Pleafure). 
in the ‘Primitive Circle, form an Angle equal 
to the given Angle B, by Problem the 2d of Sestion the 5th. 

2. By Problem the 6th of the fame Seion, lay off the Number 
of Degrees of BD, in the great Circle BD, from B to D. 

3. At the Point D, form an Angle equal in Quantity to the given 
Angle D; by drawing the great Circle DC, and the Thing fs 
done; andthe Sides DC and BC: may be meafured by Problem 
the 7th, and the Angle at C, by Problem the 8th. 

This Problem might with as much Eafe have been conftructed, 
if BC had been given ia the room of BD, and the Angle at C, 


in the room of D. 
icy Pu RvOvB Leb evLy: 
Gales. 95/0: 


Two Sides and the contained Angle being given, to find the 
other Angle and the third Side. 


Example. 
In the Triangle B D.C, are - 


BG <D 
Given <B >required< DC : 
~¢€BD < (2:Gs 


1. By the Help of a Line of Chords, fet off 
the Length of BC, (from any Point at plea= 
fureas)BtoC. “a 

2, At the Point B, form an Angle equal to the given Angle B, ~ 
by Prob. the 24 of Seéd. the 56h. f 


36 Lay. 


\ 
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3. Lay off the Number of Degrees of BD, in the great Circle 
BD, from B to D, by Prob. the 6th of Seéh. the sth. 
4. Thro’ the Points D and C, draw the Arch of a great Circle, 
as DC, by Prob. 4 of Se#. 5, and the Thing is done; and the 


Angles and Side required may be meafured by the 7th and 8th 
Prob. of Settion the sth, 


“oP ROB LE MV: 
| Cafe 11. 


The three Sides given, to find the Angles, 
. Example. 
Oe In the Triangle BDC, are 
BC <Dy», 
Given< BD required< <C> 
Pairs =<B) 
__ I. Set off the Number of Degrees of BC 
in the Primitive Circle, from B to C, by Pro- 
blem 9 of Sesh. the 5th. ray | 
2. About the Point B as a Pole, defcribe the fmall Circle o 0, 
at the Diftance of B D. 3 
3. About the Point Cas a Pole, defcribe the {mall Circle i tt, 
at the Diftance of DC, by Prob. 9 of Se&h. the sth. ; 
. 4. Through the Interfection D of the {mall Circles, and the 
Points C and B, ftrike two Arches of great Circles, as DC and 
DB, by by Prob. the 4th of Set. the 5th, and the Uhing is done ; 
and the Angles at D, C, and B, may be meafured by Prob, the 


-$¥h of the fame SeGion. | mr 
PROBLEM VI. | 
Cafe’: 12, 


The three Angles being given, to find the three Sides, 
Example, | 


- 


th the Triangle BDC, are 


i Spe? SDC 
Given? <C Srequireds B D 
e<D§ CCB 


~ 


hee ne Stereographical PROB LEMS. 


1. Set off the Semi-tangent of the Supplement of the greateft _ 
Angle C, from m the Center or Pole of the Primitive Circle, in the | 
great Circle to 0. 


9. With the Semi-tangent of the Angle B, between the Points — 
of the Compafies, {etting one Foot in m, with the other fweep a 
{mall Arch at #. 


3. About the Point 0 as a Pole, deferibe the Arch of a Parallel - 
as #, at a Diftance equal to the Number of Degrees of the Angle — 
D, by Prob. the oth of the st Seétion 5 and obferve where it cuts 
the Arch of the Parallel before drawn, as in #. 


4. About the Points # and o as Poles, defcribe the great Circles 
DB and DC, and the Thing is done ; and the Sides of the Tri- 
a DCB may be meafured by the 7th Problem of she sth 

ection. | 


How all the Variety of Ca/es in Spherical Trigonometry may be 
Projected from given Points, and their So/utions in Numbers dif= 


ferent Ways, may be feen in the 5th and 7th Seétions of the Secon 
Volume of my Syftent of the Mathematicks. eG 
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CONTAINING 


The Application of the Projection of the SPHERE, 
_ and Doétrine of Spherical Triangles, to the Solu- 
tion of fuch Aftronomical Problems as are ufeful 
fm NAVIGATION. | 


oft dDak Ord Gaal ks 


ASTRONOMICAL DEFINITIONS. 
; se aR HE Axis is that imaginary Line, about which the Hea- 


-vens feem to revolve ; its two Extremities, are called the 
i. Poles ; the Uppermoft, or Vitible to us, the Northerz Pole ; 
the Lower, or Invifible to Us, the Southern Pole, 


| 2, The Equinottial, or Equator, is that great Circle which is 
_ every Way equally diftant from the Poles, and confequently di- 
_ vides the Heavens into two equal Parts: It is fo called, becaufe 
_ whenever the Sun is in this Circle, the Days and Nights are of an 
equal Length to all the Inhabitants of the Earth. | 
3, Meridians, or Hour Circles, are thofe imaginary great Circles 
which interfect each other in the Poles of the World, and cut 
the EguinoHial at Right Angles. | 
_. 4. The Ecliptic is a great Circle interfeGing the Eguinoftial in 
_ two oppcfite Points, and forming an Angle with it equal to the Sun’s 
- greatett Declination, (which, by the moft accurate Obfervations of 
Mr, Fiaim/teed, is found to be 2 ed and is that Circle which the 
| ‘ 


Sun 


pes 


pone hey Bate 
— =t 
: i Cinco 


epee oN eee oe a ee 
PD ey be r 
re ae ate ‘ie 


pray 


a4 — Aftronomy. 
Sun defcribes by his Annual Motion round the Earth, (according to 
the Sytem of “Ptolomy .) 

This Circle is ufaally divided into-42 equal Parts, called Signs, 
(and confequently each Sign muft contain 30 Degrees) beginning — 
trom the Intesfection of the Lquinoctial, and number’d as tollows, 


Ng SS 2 Ret ok (2 Biel IR 
_ Aries Taurus Gemini Cancer = Leo _ Virgo 


ce MM ) MOA Pi Dea els ee > 
Libra — Scorpio sagistary Capricorn Aquarius Pifces | 


The Firft Six of thefe are called the Northern Signs, and poffefs 
that Half of the Ecliptic which is to the Northward of the Egu- 
nottial, beginning at the firft Point of Aries, and ending with the — 
laft Point of Virgo. : 

The latter Sixx are called the Southern Signs, hepa tite they potter 
the Southern Half of the Ecliptic, beginning at the firft Point of 
Libra, and ending with the laft Point of Pifees. 

5 Circles of Longitude in the Heavens, are thofe great Circles 
which are imagined to pafs through, and confequently interfect 
each other in, the Poles of the ELc/iptit; and cut the Ecliptic at 
Right Angles, as the Meridians do the Equinoétial. | 

6. Of the Meridians, that which pailes through the InterfeCtion : 
of the Ec/iptick and Equincttial, is called the Equinodial Colure ; 

7. And that which cuts this at Right Angles, and pafles thro” 
the Points. of Caucer and Capricorn, is ‘called the So/ Wftitial Colure. 
§,, The Horizon. is a Circle encom pafling: the Farth, and dividing 

it. into two,cqual Parts: It is fo called, as being the Terminator 
or Boundary between the illuminated Part of the “Hemifpbere and 
the Iuminated; and whenever the Sun, Moon, or Stars arrive at 
this Circle, they are then faid--to Rife or Set: It is Variable. inv, 
different Latitudes, and has its Poles; | 

9. Its Uppermott, or Vi/ible Pole, viz. the Point in the Heavens 
dire@y over our Head, is called the Zenith. 

10. The Lowermoft or lnvifible, viz, the Point directly, under 
our Feet, is called the Nadir. 

“tt. Vertical or Azimuth Circles, are thofe Great Circles watch 
interfect each other in the Zenith and Nadir, and cut the Horize 
at:‘Right Angles; as the Meridians do the Equinoétial, and tHe 
Circles of Longitude the Eciiptic, . | 

pole 12;-OF, 4 


oon 3 and whenever 


. 


3. and confequently after that Time 


& 


‘13. The Prime Vertical, or Circle 
_ tital Gircle which cuts the Meridian at Right Anglés, Ua BE Rog gpa 
| 14. Of the Meridians or Hour. Circles (explain’d in Def 3.) that 
_ which cuts the Meridian (defcribed in De. 12.) at Right Angles; 
is called the Six a-Clock Hour Circle , becaufe when the Sun, Moon, 
i or Stars, are under this Circle, they then have been fix Hours ab- 
_ fent from, or want fix Hours of attiving at the Meridian, ». .,..\ 
rg All Small Circles parallel to the Equinotial, are called Pa= 
 rallels of Declination, when they are ufed. with refpe& to the Suny’ 
Moon or Stars, but Parallels of Latitude; when ufed with refpect 
-t0 the Places on the Earth. Of Gheley ced bollus clei i :aczd 10 
he 16, That which is diftant from the Equinodial, by the Space of 
23° 20' towards the North, and which of confequence mutt touch" 
the Ec/ptic in the firft Point of Cancer, and which’ is the Parallél 
of the Sun’s Diurnal Courfe when he is in that Point of the Eclip- 
| tit, is called the Zropic of Cancer, AUT NSDA, ind | RO 


» 17. That which: is:diftant from the Eqitinofial 13° 9 ’ towards 
the South Pole, and which therefore mait touch the Echprick in 
| the firit Point of Capricorn, and become the Parallel of the Sun’s 


Diurnal Courfe when he is in that Point, is called the Lropic of 


\ Gepricorn, TRG ee gar x 
. 18. That Small Circle which is diftant from the North. Pole by. 
_the Space of 23° 20’, is called the Artic Circle; and to any of thofe 
eo whofe Zenith falls within this Cir 


cle, the Sun is not 
vilible when he is in the Zropic of Capricorn before defcribed. 

| )-10, That Small Circle which is as fi 

Pole, as the Artic Circle is from the 

tartic Circle: And to all thofe Inhabitants 


“exhibits himfelf when he ‘is'in the fir Point of Cancer. 


20. All 


‘of Eaff and W2/?, is that Ver, 


a’ a 


ee 


ta 
ate 
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ee 
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20. All Small Circles parallel to the Ecliptic are called Parallels 
of Latitude, with regard to the Fixed Stars and Planets, ‘as deter-_ 
mining the Diftance of any of them from the Ecliptic. ie 

a1. All Small Circles parallel: to the Horizon are called A/mi- 
canthers, or Parallels of Altitude; as fhewing how far the Sun, 
Moon, or Stars are above the Horizon. are oe ae 

22. Longitude of any Place upon the Earth, is meafured by an | 
Arch of the Equator, intercepted between the firft Meridian, and _ 
the Meridian pafling through the Place propofed; or, it is equal 
to the Angle formed by the firft Meridian, and the Meridian paf-_ 
fing through the Place given. Wet) ye i 

23. The Latitude of any Place is meafured by an Arch of the 
Meridian paffing through the Place, and intercepted between the 
Place and the Equator. Wn 

24. The Right Afcenfion of the Sun, Moon or any: Star, is an_ 
Arch of the Equinocial, intercepted between the firft Point .of 
Aries and the Interfection of the Meridian pafling thro’ the Sun, 
Moon or Star; and is the fame with the Angle form’d by the Eguz- 
nogtial Colare, and the Meridian paffiag through the Sun, Moon © 
or Star: It is fo called, becaufe it is the Point of the Eguinoctia’, — 
which rifeth with the Sun or any Star, ina Right Sphere, or fuch — 
a Sphere where the Poles lye in the Horizon, and confequently is 
the fame Point that pafles the Meridian with either of them. 

25. The Declination of the Sun, Moon or any Star, is an Arch 
of the Meridian pafling through the Sun, Moon or Star, and inter-— 
cepted between either of them and the Eguinoétial ; and if the ~ 
Sun, Moon or Star be to the Southward of the Eguincctial, it is” 
called South Declination; but if they lye to the Northward, or 
betwixt the Eguiuottia/ and the North Pole,-it is called North 
Declination. “i 

26. The Place of the Sun, is that Sign, Degree or Minute, €3¢. 
of the Ec/iptic, that he poffefles at any Time; and his Lougitude | 
is the Arch of the Ecptic, intercepted between this Place and the 
firft Point of ries. | Pay Saat 

27. The Longitude of the Moon, or any Star, is an Arch of the 

. Ecliptic, concain’d between the Circle of Longitude, pafling thro” 
the Moon or Star and the firit Point of artes; and that Degree | 
of any Sign over which the Circe of Longitude pafling through they 
Moon, or any Star runs, is called the Place of the Moon or Star.» 


* ? 28. The 


} 
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’ 
q 
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28. The Latitude of the Moon, or any Star, is equal to the 
_ Arch of the Circle of Longitude, pailing over the Moon, or any Star, 
» intercepted between the Moon or Star and the Ecliptic, and is 
called South Latitude, if the Moon or Star be to the Southward 
of the Echiptic;. but if to the Northward, it is termed North 
ii atride. "+s 
/ 29. ‘The Azimuth, isan Arch of the Horizon contain’d between 
the Meridian and Vertica! Circle paffing through the Sun, Moon or 
Star, at any Time propofed, when they are above the Yorizon, and 
is the fame with the Angle at the Zenith made by the Meridian 
(and the Vertical Circ/e. 
/ |. 30. The Amplitude is an Arch of the Horizon, contain’d between 
| the Sun, Moon or Star, and the Eiaft Point of the Horizon, at their 
| Rifing, or the Weft Point at their Setting : Or it is equal to the 
| Angle made by the Prime Vertical and the Vertical Circle, paffing 
_ through the San, Moon or Star, at their Rifing or Setting. 
31. The Altitude of the Sun, Moon or Star, is an Arch of the 
Vertical Circle, paling through the Sun, Moon or Star, and inter 
cepted between the Sun, Moon or Star and the Horizonv, and can 
never exceed go Degrees or a Quadrant. 
. 32. Zenith Diflance is that Arch of the Vertical Circle pafling 
“through the Sun, Moon or Star, which is contain’d between either 
‘of them and the Zewith; and therefore muft alway, together with 
the Altitude, make 90 Degrees or a Quadrant. 
«33. Meriatan Altitude is the Height of the Sun, Moon or Star, 
when they are upon the Meridian; and confequently is the greatest 
Height to which they can arrive at that Time. 
34. Oblique Afcenfion, or Defcenfisn, is that Degree of the Equi- 
nottial, whichRifes or Sets with the Sun, Moon or any Star, in an 
Oblique Sphere, (or fuch a Sphere where the Eguinoéfial cuts the 
Horizon at unequal Angles) which Pofition happens to all who live 
between the Eguator and the Poles. 
35. Afeenfional Difference is the Difference between the Rightand 
Oblique Afcenfion or Defcenfion, or is that Arch of the EquinoZia/, 
_ which is contained between the Points of Right and Oblique Afcen- 
fon or Defcenfion, and confequently fhews how long the Sun Rifes 
or Sets before or after the Hour of Six or half the Time that the 
| “Moon.or any Star is above or below the Horizon, exceeds or wants 
of Six Hours. . Fak 
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Containing the Chief and Primary Problems arifing 
from the Diurnal Motion of the SUN, or the — 


Rotation of the Earth about ber Axis. 


Which are of two Sorts: 


and Declination, kis Place being firft given. 


Or, i 


2. Particular: That is, Variable in different Latitudes: Such are 


thofe that from the Declination require, | 
1. His Amplitude and Afcenfional Difference, 
2, His Height and Azimuth at the Hour of Six. . 
3. His Height and the Time when he is due Eaft or Weft. 


4. His Height: and “zimuth at any Hour when he is in the 


Equator. 


5. His Height and 4zimuth at any Hour, when he is in any My 


Point in the Ec/ptic, / 
Or, 


‘The Hour of the Day and Azimuth, when he isin any Pointof — 
the Ec/iptic; from his Altitude, his Declination, and the Latitude 


of the Place. 
Of each of thefe in their Order. 
And becaufe the Sun’s Place is fuppofed to be known or given. 
in all Problems of the Sphere, \et it be required in 
PROBLEM Ts) 


f 1 Eneral, that is Such as require the Sun’s Right Afcenfion — 


‘3 


From the Sun’s Longitude and greateft Declination, (which is,4 


found by the moft accurate Obtervations of Mr. Flamfteed to be 


> 23°.29') to find his prefent Declination and Right Afcention, 


_. Example. is een 
Suppofe the Sun to be in 27° 30" of Laurus, and his greatett-De- 
clination as before fixed 23° 29', what is his prefent Declination 
and Right Afcenfion ? Geome= 


Afironomy. 
i | Geometrically. 
1. Having drawn the Solftitial Colure 
NQPA, the Equinoétial AQ, and at 
- Right Angles to it the Equinoétial Co- 
_ dure N P, ict off 23° 209’, the greateft De- 
clination from A to EF, and draw the 
' Ecliptic EC. | 
. 2. Set off the Semi-tangent of 57° 30’, 
the Sun’s Longitude from the firft Point 
|. ged from vy to S, then will: S be 
the Place of the Sun. : P 
3. ‘Through S and the Poles N and P, draw the Circle of Right: 
_ Afcenfion NSR P, then will ~ R be the Right Afcenfion, and S R. 
_the prefent Declination; each of which may be meafured by. 
Prob. the 7th, of SeFion the sth, of Part the 34. 


‘ Wet. Yo determine their Quantities by Calculation. =~ 
| Inthe Spherical Triangle Sy R, Right-angled at R, are given; 


SY, the Sun’s Longitude from the next Equinoctial Point ; ands, 
the Angle SVR the greateft Declination. Wherefore, . by. Cafe. 
the vi, of Seétion the 3d, of Part the 3d, | 


1 Lo find the Declination,  - 
|| Iewillbe, R:S<SYR:i:s, 78:5, SR. Thatis,. 
| As the Radius | 


i a 


ar 


— 


ae 


site 


SS ss — TO.0000000» 
To the Sine of the greateft Declination 2 3° 29’-——. 9.6004090 
_ So is the Sine of the Sun’s Long. from Aries 59° 30! 9.9260292.. 


4 


res, 


"To the Sine of his prefent Declination 1 O° 38 ass 9.5264 382- 


Which is North, becanfe the Sun is in the Northery Signs, or be=- 
‘tween the firft Point of ries and the firft Point of Libra, . 


, 
i 


; | 

_ Hence, and from the Projeftion, it is manifeft, that when the: 
Sun is at the fame Diftance from cither of the Equinoctial Points, 
| Aries or Libra, the Quantity of the Declination is the fame; but ad 
_its Denomination different, according as the Sun is converfant either ae 
inthe Northera or Southern Signs, 


+ ai So: 


32m, ) Aftronomy. 3 
So that this Declination in Northern Signs is common to 
3 27° 30’ or A 2° 30. . 
In: Southern Signs, to" 27° 30', or 2% 2 30’, 


For the Right A/cenfion, it will be, by Cafe the 10th, of SeFion 
the 3d, of Part the 3a, “§ 


Rica <S¥R:: EDM Gate eR ‘That is, 


As the Radius ——~-——-~-—— 


Cmteeemeee 


. 10,0000000 
‘Yo the Co-fine of the greateft Declination 23° 29° 9.9623999 : 
So is the Tang. of the Sun’s Long. from Aries 57° 30’ 10.19 58127 e 


| 


To the Tang. of the R. Afcenfion from Aries 55°13" 10.1 58210 5 e 


Hence, and from the Projeéfion, it is manifeft, that the fame 
Quantities of Right Afcenfion, number’d from the neareft Egui~ 
noctial Point, correfponds with the fame Longitudes number’d 
from the fame Equincétial Point: Wherefore, to find the Right 
Afcenfion from the firft Point of Aries, Obferve, ie 

i. Ifthe Sun bein the firft Quadrant of the Ecliptic, that is, be- 4 
tween the firft Point of Aries and the firft Point of Cancer, then - 
the Right Afcenfion found, is the Right Afcenfion from the firft — 
Point of Aries. os ae 

a. If the Sun be in the fecond Quadrant of the Ecliptic, that is, 
between the firft Point of Cancer and the firft Point ot Libra, then 
the Righe Afcenfion found, fubtraéted from 180 Degrees, leaves 
the Right Afcenfion from the firft Point of Aries. , a 

3. Ifthe Sun be in the third Quadrant of the Ecliptic, that is, be- va 
tween the firft Point of Libra and the firft Point of Capricorn, then — 
the Right Afcenfion found, added to 180 Degrees, gives the — 
Right Afcention from the firft Point of Aries, ae 

4. Jf the Sun be in the fourth Quadrant of the Ecliptic, that is, 
between the firft Point of Capricorn and the firft Point of 4pies 
then the Right Afcenfion found, fubtraéted trom 360 De : 
leaves the Right Afcenfion frem the firft Point of Aries. — 

After this Manner, were the Zables of the Sun’s Right Afcen= — 
fion and Declination, at the E'nd of this Sedion, computed from : 
the Sun’s Place in the Ke/ptic, deliver’d in the firft Table 


poe 


Brees, 
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By the Reverfe of this Problem, may the Sun’s Place and greatef’- 
Declination be obtained from his prefent Declination and Right 
Afcenfion; or his Longitude and Right Afcenfion from the pre~ 
fent and greateft Declination; which Problems are fometimes of 


Ufe in Afironomy. 


POR OTB ReMi ii . 
The Latitude of the Place and Declination of the Sun being 
ae to find his Amplitude and Afcenfional Difference, Hour of 
Rifing and Setting, with the Length of the Day and Night. 


Af Example. 

In the Latitude of 51° 32’ North, the’ Sun having 19° 38’ North: 
Declination, I demand hts Amplitude and Afcentional Difference, 
with the Time of his Rifing and Setting, and the Length of the 
Day and Night. 

1. Having drawn the Circle ZONH) 
reprefenting the Meridian, the E.qui- 
noctial AQ, and the Axis PS. 

2, Set off the Latitude of the Plac® 

- from P to O, and draw the Horizon 
#10. 

3. Becaufe the Declination of the 
Sun is North, draw the Parallel m# 
of the Sun’s Diurnal Courfe on the 
Northern Side of the Equator, at the 
Dittance of 19° 38’, (by Prob. the tb | 
of Sect. the 5th, of ‘Part the 34) and obferve where it cuts the 
Horizon, as at ©. | 

4. Through the Interfection ©, and the Poles P and S, draw 

the Meridian POR S, (4y Prod. the 4th, of Sek. the 5th, of Part 
the 34) then will Y © be the Amplitude, and V R the Afcenfional 


Difference ; cach of which may be meafured by Prob. the 7th, of 


| Segtion the sth, of Part the 34, 


But to determine their juft Quantities by Calculation, 


In the Spherical Triangle O V R, Right-angled at R, are given 
© R the prefent Declination, and the Angle OY R the Com- 
plement of the Latitude of ws owe Whence, 


To 
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To find the Amplitude, ic will be, (by Cafe the 4th, of Se&. the — | 

. 5th, of Part the 3d.) ue ee 
Pog me or Rs R fs, OR vse ©. » Thats, 


~ Ag the Co-fine of the Latitude 51° 32’ ———~ 0.7933317 7m 

To the Radius sore —— ~~ ——-——~ 10.0000000 + © 
_ Soris, the Sine of the Declination 19° 38’ ————. 9.5263387 — 
“To the Sine of the Amplitude 32° 42" —- 0.7325070 @ 


Which is always the fame Way with the Declination, that is to 
fay, it the Declination be South the Amplitude is Southerly, but 
if the Declination be North the Amplitude is Northerly; and con- 
fequently in this Cafe, the Sun-rifes and {ets 32° 42’ to the North= 
ward of the Faftand Weft Points, as it would have rife and fet 32° » 
42’ tothe Southward of the Haft and Weft Points if the Declination 
had been South. on 

Fér the Afcenfional, Diflerenc: it. will be, (by Cafe the 3d, of 
Sey the 3a, of “Part the 32.) : . 

HeaOwr RAR ir @ Res 15, Rohen, That ey, 


As the Co-tangent of the Latitude 51° 32” ~———-—"_ 9.900865. : 


a 


‘To the Radius ——i— f§OOd00D00: © 


So gees ee 


So-is the Tangent’ of the Declination 19° 38" —— 9.5523514 
x To the Sine of the Afcenfional Difference 26° ALE 9.6.522649- 


Which (if the Latitude.and Declination be both the fame Way, 
‘that is, both: North or both South) converted into Hours and 
w Minutes (by allowing 1.5 Degrees to.an Hour, and 15 Minutes of — 
. “Right Af€enfion to one Miiuté of Time) fhews how long the Sua: 
Rifes before Six in the Morning, and fets after Six at Night. 

But (if the Declination of the Sun, andthe Latitude of the 7 
‘Place.are'contrary ; that'is, if one be North and the other South, — 
then the Afcenfional Difference converted into Time, fhews how 
many Hours and Minutes the Sun rifes after, Six in the Morning, 
and féts before Six at Night;. which is abundantly maniteft trom 
CrheFigure. - Ft oe ape 

~“" Hence imthis Cafe, becaufe the Latitude is North, and the De- 
Clination North.: Sts hehe ("°F for 


3d 
ey hey san, 1ec, 
_. From Six Hours -——-—-- neces nnn CO | OC 
» ake the Afcenfional Difference equal to ——-— 1 46 44; 


| oa a ARORA. ah 323 


PLES 


-_ There Remains the Time of the Sun’s Rifing — 4 13 16, 


Por the Setting, 


7 P : -h.. Mm. fec. 
PGRaAX. Ad QUIS (oi 


urs : ee = OO) OCs 
_ Add the Afcentional Difference equal to para I 46. 44: 
The Sum isthe Time of the Sun’s Setting ne ae 44° ; 


|. Now becaufe the Hour of the Sun’s fetting fhews the Time 
»elapfed between Noon and the End of the Day, which is therefore 
» equal to Haif the Length of the Day:) If the Hour of the Sun’s © 
_ fetting be doubled, it gives the Length of the Day, or Number of 
- Hours the Sun ts vifible above the Horizon. : 


Wherefore in the prefent Cafe, 


If the Hour of Sun-fetting 7h, 46m. 44 fec. be multiplied, by 
2, or added to its felf, it gives 15h. 33m. 28 fec. the Length of 
the Day at that Time of the Year in which the Declination Is the 
| «fame in the Queftion. 
| Again, Pecaufe the Hour.of Sun-rifing fhews the Quantity of 
_ ‘Time elapfed, between the Time of the Sun-rifing and Midnight, 
)| which ts theretore equal to Halfthe Length of the, Nights if the 
_ Hour of Sun-rifiog be doubled, it gives the Length of the Night. 


Wherefore in the prefent Cafe, 


if the Hour of Sun’s rifing 4h. 13m. 16fec. be double’, or ad- 
ded to’ its felf, it gives the Length of the\Night 8 bh. 26m. 32 fec, 
-| which being added to the Length of the Day before found, makes 
| 24 Hours. sie 
.| Hence it is obfervable, that when the Sun is at equal Diftances 
| from the firft Point of Cancer or Capricorn, the Anrplitudes, Afcen- 
‘ fional Differences, Time of the Sun’s.rifing and ferting, Length of 
_ the Day and Night, are the fame;  fince the Sun’s Deciinationivom 
which they are computed, is the fame. ; 
| we Mpeetenes 
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-Plence it is farther obfervable, that the Hour of Sunerifing when 
the Sun hath any determinate Degree and Minute of North Decli- — 
nation, is the fame with the Hour of Sun-fetting at that time of the 
Vear when the Sun has the fame Number of Degrees South Decli- 
nation: alfo the Time of Setting when the Declination is North, © 
the fame with the Time of Rifing when the Declination is South ; — 
and laftly, the Length of the Day when the Declination is North, 
is the fame with the Length of the Night when the Declination is 
“South: and the Length of the Day when the Declination is South, 
is the fame with the Length of Night when the Declination is 
Gee inverfe Method, If the trae Amplitude, or the Time of — 
the Sun’s Rifing and Setting, can be obtained by Obfervation, it 
will be eafy to find the Latitude of the Place. | 


PROBLEM IIL. 


The Latitude of the Place and the Declination of the Sun being — 
given, to find the Sun’s Height and Azimuth at the Hour of Six. 


Example. é 
Given the Latitude 51° 32’ North, the Sun’s Declination 19° 38’ 
Netht td ‘end che Haight and Azimuth of the Sun at the Hour — 
of Six. 


Zz 1. Having drawn the Meridian 
LONH, the Horizon HO, and at ~ 
Right-angles to it the Prime Vertical 

LN, fet off the Latitude from O to — 
P, and draw the Axis or Six a Clock 
Hour Circle Py S. ? 


2. Set off the Semi-tangent of the 
Declination, becaufe it is North, in 
the Axis from V towards P to 
and it gives the Place of the Sun. 

Through 'Z and N and the Point ©, draw a Vertical Circle (dy 
Prob. the 4th, of Sect. the sth, of Part the 34) and the Arch of it 
contained between the Place of the Sun at ©, and the Horizon, that 
is to fay, OR is the Sun’s Height at that is and the Arch of 

7 the 


- | | Afironomy. aaa Taga 
~ the Horizon H R or RO, Is the Azimuth from the Meridian; each 
of which may be meafured (dy Prob. the 7th, of Sect. the sth, of 


Peart the 34.) i ee, 
But to obtain their juft Quantities by Calculation, 


In the Sperical ‘Triangle © Vv R, Right-angled at R, are given 
© 7 the prefent Declination, and <@VR the Latitude ot the 
Place, whence it will be (2y Cafe the iff, of Sed. the 34,0f Part the 34) 

| | ~ For the Sun’s Height at Six. 
R:s3OVR::3,¥Q:8,OR. That ts, 
Asthe Radius —— -—- ~~ —— —— _10,0000000 


To the Sine of the Latitude 51° 32’ —— — 98937452 


So is the Sine of the Sun’s Declination 19° 38’ 9.5263387 


ees, 


To the Sine of the Sun’s Height at the Hour 


Gh SIXiTSrd ieee eNesee t 9.4200839 
either in the Morning or in the Afternoon pee ig eet 


Tf the Declination be contrary to the Latitude, that is, if one be 
North and the other South, then it givesthe Depreflion, and fhews 
‘how many Degrees the Sun is below the Horizon at that time. 
for the Azimuth at the Hour of Six, it will be (by Cafe the 
10th, of Se. the 34, of Part the 34.) 
R: c,OVR Beats nes: tei: That 13, 


As the Radius ——-—- 10,0000800 


To the Co-fine of the Latitude 51° 32’ Guam 
So is the Tangent of the Sun’s Declination 19° 38’ i eg ie oe 


eee 6 


eecceeg Sed e pee 


To'the Co-tangent of the Azimuth from the 
Meridian 77° 29” b 9.346183 1 


—— 


Which muft be counted from the Vifible Pole; wherefore if it 
be in the Morning the Azimuth is North 77° 29’ Eaft, but if it be 
in the Afternoon the Azimuth is North 77° 29’ Weft. 


PROB- 


i V a 


SN 


Le) 
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PR OBL EM-IV, ? 


The Latitude of the Place, andl the Declination of the Sun be= 


ing given, to find his Height, and the ‘Time when he will appear 


due Fiaft or Welt. 
: Example. 
Let the Latitude be 51° 32’ North, the Declination ef the Sua 
as betore 19° 36’ North; to find the Sun’s Height, and Time 
when he will appear due Haft or Wetft. 


Press: 1. Having, as inthe former Figure, 
a drawn the Meridian ZONH, the 
Prime Vertical ‘ZN, the Horizon 


jal AQ, draw the Parallel of Decli- 


HO, the Axis PS, andthe E.quinoct- © 


ye 


| 
oy 


VW RI 0 nation 0 and where it cuts the . 
\ Tih Prime Vertical, “ZN as in Q, it gives 
% We “tthe Place of the Sun... © 7g | 

oo as f e, i : | 
aan | 4, Through-© and the Poles P and | 
wy S, draw.a Meridian (by Prod. the sth, 


of Se&. the sth, of ‘Part the 3d) and 
© ¥ will be the Sun’s Height, and R y the [ime after om in the 


Mortning, or before Six in the Aiternoon: Both which may be_ 


meafured (by Prob. the 7th, of Sef. the 5th, of Part the 34.) 
But for obtaining their Lengths. by Calcalation, 
In the Right-angled Spherical Triangle V © R, Right-angled 


at R, are given, R© the Sun’s Declination, the Angle © Y R- 


the Latitude of the Place; and therefore (by Cafe the 4th, of Sed. 
the sth, of Part the 3a), 


To find the Height when he will appcar duc Baft or Weit, it : 


\ 


i 


willbe, 
S<OYR:Ri:8,RO: 5,0. That is, 
As the Sine.of the Latitude 51° 32’ —-=——--——_ 98937452 © 
Tothe Radius — oR eee : 


So is the Sine of the Sun’s Declination 19° 38° 


rr ee anima 


9.526 3 387 


Bat 


i. 


To the Sine of the Height when due E. or W.15° 15’ 9.632.5935. — 


. 


Neck Py V7 
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. But for the Time when he will appear due Eaft or Weft, it will 

be (by Café the 3d, of Sed. the 34, of Part the 34.) 

| Pee emnimeie ): tyOuR : 5, Reta That is; 

. Asthe Tangent of the Latitude 51° 52’ 10,0999135 
Gotha Reais — ——— 70,0000000 
So is the Tangent of the Declination 19° 38° ——-  9.5523514 © 


ed 


|| To the Sine of the Time 16° 28’ = ——— _9.452.4.379 


——— 


_ ‘Which converted isto Hours and Minutes of Time, by allowing 
15 Degrees to an Hour, fhews how long after Six in the Morning 
it is ere the Sun will be due EFiaft; and how long before Six in 
‘Afternoon the Sun will appear due Weft. 


Wherefore, 
rf HY’ -cehs witec. 
’ 'Fo fis Hours —————. ——- + —-—- -———— 6. 00:«-00 
Add the Time laft found ———= 1 OF 52 


Tt gives theTime the Sun appearsdue B.intheMorn, 7 04 $2 


Or, 
hs m. fec. 
_ From fix Hours —~—--—---~-- ---- —— + —— 6 Ov 00 
i Take the Time laft found ———_- + ~-_—_— —_—_ 05 52 
s 3 ee eS 
It givesthe Time when the SunisdueW.inthe After. 4 54 08 . 


| 
li et Sar vores 
v 


P.-R OBL EM -Y¥, 


The Sun being in the Equator, the Latitude of the Place is gi- 
yen, and the Hour of the Day; to find the Sun’s Height and A- 
-Zimuth at that ‘Dimes 


_ Example. 


~ Idemand the Sun’s Height and Azimuth, at half an Hour paft 

‘Three in the Afternoon, or at halfan Hour paft Fightin the Morn- 
, ing ; each of which Times are three Hours and an half diftant from 
Noon, in the Latitude of 51° 32’ North, 1, Having 


Apronomy. | 
1, Having deawn the Meridian 
™ONH, the Horizon HO, the 
Prime Vertical ‘ZN, the Axis PS, 
and the Equinoétial AQ, asin the 
former Cafe ; fet offthe Semi-tangent 
of the Complement of the Hour from | 
Noon, in the Equincctial from ¥ to 
©, then will © be the Place of the 
Sun. } ; 
2. Through © and the Points Z 
and N, draw the Vertical Circle 
ZORN, then will © R be the Height, and H R or RO the 
Azimuth trom the Meridian; each of which may be meafured by 
Prob. the 7th, of Se#. the 5th, of Part the 34. 
Put to determine their Lengths by Calculation, 

In the Triangle YO R, Right-angled at R, are given VY © the 
Complement of the Hour from Noon, and the Angle @ Y R the 
Complement of the Latitude of the Place: Wheretore (dy Ca/e the 
1ft, of Section the 30, of Part the 34,) it will be to find the Height © 
at that Time, ; 

AsR:S,0Y ::5,0TR: S,OR. That is, 
As the Radius ——-———— —— 10,000C000 


a 


——— 


To the Co-fine of the Hour from Noon, 52° 32" — 9.7844471 
>So is the Co-fine of the Latitude 51° 32  ~—> 3a 9-7938317 


er eee 


Tothe Sine of the Height at that Time 22° 15 — 9.5782788 


And for the Azimuth it will be (dy Cafe the roth, of See. the 5th, 


of Part the 3d. y 
Ri csOvR::tjOvr:tVR. Thatis, 


As the Radius ne a 1 0,0000000 
To the Sine of the Latitude 51° 32’ a 98937452 


So is the Co-tangent of the Hour irom Noon 52° 30’ 9.8849805 


To the Co-tang. of the Azim. from the Mer. 59° 00° 9.7787257 
Which is South 59° co’ Eaftwardly, if it be in the Forenoon 5 


but South 59° 00’ Weftwardly, ifthe Lime given be in the After- 
goon. : PROE- 
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PROBLEM V. | 
Pe a Wye aC EN 28 oy iad pn? dT 
~ Tf inftead of the Hour of the Day, the Altitude of the Sun was 
given, that is, } | f 
If the Latitude of the Place 51° 32’ North, and the Altitude of 
the Sun 22°14’ be given, to find.the Hour of the Day and Azi- 
--muth from the Meridian, then in the Right-angled Spherical,Sphe- 
rical Triangle O y R Right-angled at R, (fee the Pigure in the 
preceding Page) are given, © YR the Complement of the Lati- 
| tude, and OR the Altitude ; whence to find the Azimuth it will 
be (by Cafe the 3d, of Setiou the 3d, of Part the 34.) 


a GD YG Sr eeree a tty ed RS 5,RY. ‘That is, . 
As the Co-tangent of the Latitude 51° 32’ 9.900086 5 


To the Radius -—— ———-———- 10,0000000 


So is the Tangent of the Altitude 22° 15’ ————»_-9.611 8409 


eae 


Sy —— 


To the Co-fine ofthe Azimuth fromthe Mer. 59° 00° 9.7117544 


Ca 


Which is South 59° 00’ Eaftwardly, if the Altitude was taken in 
the Morning ; but South 59° oo’ Weftwardly, if the Altitude was 
obferved in the Afternoon. ~ 


For the Hour of the Day it will be (by Cafe the 4th, of Sed. A 


i: 3d, of Part the 3d.) 
| ,8cOYR: Ri:s,ORi: 307. Thatis, 
As the Co-fine of the Latitude 51° 32" ——-——- _ 9,7938317 


ee 


To the Radius ——-—— --—_---~ —~. +. 10,0000000 
So is the Sine of the Height 22°15’ ——-——  9.5782364 


ey 


To the Co-fine of the Hour from Noon 52° 30! — 9.7844047 
“Which being conveited into Time, ‘will. sive’ 7h, : Om. forth | 
Hour of the Day, if the Altitude was bit nee vie Aeainads bit 
_ being fubtracted from Twelve Hours will give 8 h. 30m. for the 

Hour in the Forenoon, if the Altitude was obferved inthe Morning 


be | Te Che 9) 18 SPROBE 
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PROBLEM V1. 


4 


The Sun being in any Point of the Ecliptick, his Declination is_ 
given, together with the Hour’ of the Day and Latitude of the 
Place ; to find his Altitude and Azimuth-at that Time. . 


Sf. Daw yeh 2i3 -o Example. nfs yt ; 
-_In‘ the Latitude of 51° 32’ North, the Sun having 19° 38’ 
North Declination; his Altitade and Azimuth is required at half 
an Hour ‘after Three inthe Afternoon, or at half an Hour after. 
hight inthe Morning. = 
Geometrically, : 
_ ¥. Having ‘drawn the Meridian 
ZPONH, the Horizon H O, and 
the Prime Vertical ZN. 


\. _ 2, Set off the Latitude from O to 
Np jO. -P, and drawthe Axis P A, and at 
x. J ods dXight-angles to it the Equator AQ. 


cute 3: Through P and S draw the 
iia _ Arch of an Hour Circle PO S, form= 
N ing an Angle with the Meridian, e- 


qual to 52° 30’ the Hour from. Noon converted inro Time. 


4. Set off the Sun’s Declination 19° 38’ in the Hour Circle P'S~ 
from x to © (Ly Cafe the 3d; of Prob. the Oth, of Sed. the 5th,) 
then will © be the Place of the Sun. : 

_§- Through Zand © draw the Vertical Circle ZO N, then — 
will © y-be the Altitude,-and the Angle © 'Z P the Azimuth from - 
the Meridian ; which may be meafured by Problems the 7th and 
Sth, of Section the sth, of Part the 3a. rate: 


‘But to determine their Quantities by Calculation, Bpree 
» Inthe Sphericah Triangle ’Z:P © are given, Z, P the Complement 
of the Latitude ; P© in this Cafe, the Complement of the Declia 
nation, and Z P @ the Hour from Noon. Whence, to find the Azin( a 
muth from the Meridian, it will be (by Caf? the orb, of Se. the 
Ath, of Part the 3a.) , Rif 
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Re : cs, ZP ys -4f, Guo ER: That is, 
As the Radius ee a a ee ae sate 10. COCCOCO 


'To the Coufitie “of theoHour fom Noons2® 50° tee, o7 840478 
So is the Co-tangent of the Declination 19° 38’ 10.4476486 


—— 


_ To the Tangent of P R,ora fourth Arch 59° 37'45" 10.2320957 


Now PR—ZP=ZR, that is, the fourth Arch 59° 37’ 40" leff- 
ened by the Complement of the Latitude 38° 28’, leaves ZR 21° 
9’ 45”, which we calla fifth Arch, Wherefore, 


eZ, Riise? Re setyet PL tyes ZT hats, 
As the Sine of the fifth Arch 21° 09' 45” ———= 9.5$75244 


oe 


~ 'To the Sine of the fourth Arch 59° 37/45” ——-  9.9358916 
So is the Tangent of the Hour from Noon 52° 30’ 10.11 50195 


‘ee Gee eee 


_ TotheTang.ofthe Azim. from the Merid, 72°11'57" 10.4933857 


“Wherefore, if the Time given be in the Morning. it is South 
70° 11’ 57" Batt, but if the Time given be in the Afternoon the 
Azimuth is South 72° 11’ 57’ Weft. 

For the Altitude it will be (dy Café the 1/?, of Sec, rhe 4th, of 
Part the 34.) | | , | 
| ees OP Pr sheet? Sug, ZO) Thais, 

As the Sine ofthe Azim. from the Merid. 72° 11’ 57” 9.9786940 

To the Co-fine.of the Declination 19° 38’ .97 398 
So is the Sine ef the Hour from Noon 52° 30’ ——~ aN ene 


Pee 
Sete) 


Tothe Co-fine of the Height at that Time'38° 17’ 52” | 9.8947600 


PROBLEM VI 
be C:A SB, 25 : 
Given the Latitude of the Place, the Declination of the Sun, and 
his Altitude at any Time; to find the Hour of the Day, and his 
Azimuth from the Meridian. ; 
oe ante) Example, 


—eew 8 geet 


iad 2 


Inthe Latitude of 51° 32’ North, the Sun having 9° 38’ North _ 


ms 


PRL. Afironomy. 


Example. 


Declination, his Altitude was found by Obfervation to be 38° 17” 
52; I demand the Hour of the Day, and his Azimuth from the 
Meridian. | ae < 5 Hy - 
Geometrically. 

Having drawn the Meridian Z, O- 
NH, the Horizon HO, the Prime — 
Vertical ZN, the Axis PS, and the 
Equinoctial AQ, after the manner — 

taught in the former Ca/e, draw the 
Parallel of Northern Declination RO, | 
as alfo the Parallel of Altitude man, 
according to the Directions given in 

Problem the oth, of Section the 5th, of 
Part the 34, and the Point ©, where 

: thefe two Parallels interfect will give 

Be al _ the Place of the Sun ; through which 

and the Poles P and S, as-alfo the Zenith and Nadir 'Z and N, if 


an Hour Circle as P© S, and an Azimuth Circle as LON be drawn ~ 


(by Prob. the 4th, of Set. the sth, of Part the 34) the Thing. is b 


done ; and the Angle T™P©® will be the Hour from Noon, as will 

the Angle Z be the Azimuth from the Meridian; each ot which _ 

may be meafured (dy Prob, the Sth, of Se the 5th, of Part the 3d.) 
But to find their juft Quantities by Ca/ceu sation, . 


~ Inthe Spherical Triangle 'Z P © are given, 'ZP the Complement 
of the Latitude, Z© the Complement of the Altitude, and PO 
the Complement of the Declination; whence (by Cafe the 11th, of 
Right-angled Spherical Triangles. 
ee To find the Azimuth it will be, — 
AsR:3s,Z@©:: 8,ZP : a fourth Sine. That is, 
As the Radius ——= 10,cOCc0000: 


 'To the Co-fine of the Altitude 36° 17" 52" are! 
Sint Conf othe Laine 1°32" — 9793837 


OP pee SE 


| age ‘a fourth Sine i a pa 9.6885910 


i Again, | 
‘As the ath Sine : S,3 ZP+LO+PO :: S,4 ZPFZO+FPO-P © 
27th Sine. That ts, 
As the 4th Sine 
Ts to the Sine of half the Sum of the Complement 


of the Latitude, Complement of the Altitude, > 96937044 
and Complement of the Declination 80° 16’ 4" ‘ aa 


9.688 5910 


eed 
— 


So is the Sine of half the fame Sum Jeffened by the . 
- Complement of the Declination 9° 54 4" —— t 9-2353976 
< To a feventh Sine renga me Sans 9.54051 i0 

To which add the Radius ——_. 19.540 5110 


a 


The Sine Complement of half that Sum 53° 54’ 02% 2 
_ being doubled, gives 107° 48’ 04” for the Azi-e 9.7702555 
muth from the North ———-—— 3 S 


| Or; 
To theArith. Comp. ofthe Co-fine of the Lat. 51° 32’ 0.206168 3 
Add the Arith. Comp. of the Co-fine of the Alt. t a : 


38° so else ON ae ee 52407 
Alfo the Sine of the Half Sum 80° 16’ 04" ——-—— 9.9937044 
And the Sine of the Remainder 9° 54° 040° —_~——— 92353976 
Half the Sum of thefe four Sines-——--—-- ———-~--—_ 19.540 5110 
Will give thie Co-fiae of 55° 54’ 02" —-———— 99702555 


Which being doubled, will give 107° 48’ 04”, the Azimath trom 
the North, the fame as before found. 
Wheretore, 
To find the Azimuth, the General Rule is, 
To the Complement of the Latitude ofthe Place, add the Com- 
; tee of the Sun’s Altitude, and the Complement of the Sun’s 
eclination in to one Sum: From half this Sum_fubtract the 


Complement of the Sun’s Declination, and keep the Difference or 
Remainder. - mee se: 
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the Co-fine.of the Latitude, €e. Or, 
| To the Arithmetical Complement of the Co-fine of the Latitude, 

Add the Arithmetical Comptement of the Co-fine of the Altitude ; 

Alfo the Sine of the Half Sum, 

And the Sine of the Difference or Remainder. ' 

Half the Sum of thefe four Sines will give the Ce-fine of Half 
the Azimuth; which being doubled, will give the Azimuth from> 
the Vifible Pole, Or, 
| SY _ By Ganter’s Scale, nt a 

Extend the Compaffes from the Sine of 90 Degrees, to the Sine 
of the Complement of the Altitude on the fame Line; the fame 
EXxtent will reach from the Sine of the Complement of the Lati- 
tude, to a fourth Sine; then Extend the Compaffes from the fourth 
Sine, to the Sine of the Half Sum; the fame Extent of the Com- 
patlés will reach from the Sine of the Difference or Remainder, to 
a (eventh Sine; againft which on the Line of Verfed Sines ftands 
the Azimuth from the Meridian. ; 

From the Azimuth thus determined, it will be eafy by the help 

of Cafe the tft, of Sect. the ath, of Part the 34. 
To find the Hour, 

Por sg)? ss) ZR ca is Ze ies, Va. ge ete 


Then fay, As the Radius to the Co-fine of the Altitude, fo is 


As the Co-iine of the Declination 19° 38’ ——-——. 9.97 39873 % 


ee et, 


To the Sine akene Azim. fromthe Merid. 72° 11’ 56" 9.9786937 


So is the Co-fine of the Altitude 38° 17’ 52" —— 9.8947 592 


ee es 


To the Sine of the Time from Noon gv Zo’ ——_-9.899.46 56 * 


Ser ee 


Which converted into Hours and Minutes, gives the Time of © 


the Day, viz. 3h. 30m. if the Obfervation was made in the Atter- 
noon; but if the Obfervation be made in the Morning, then, 


hsm, | feena 


From} a pCO oc 


a 


Take the fame Arch converted into Hoursand Min. 3 30 00 


The Remainder will give the Hour in the Porenoon iter 00 


By 


\ a 


3 | Aflronomy. 38. 
By the 11th Cafe of Sed. the 4th, of Part the 34, the Hour of the 
Day may be inveitigated directly without the help of the Azimuth, 
after the manner foilowing. 
‘Fo the Complement of the Latitude add th: Complement of 
the Declination, and the Complement of the Altitude into one Sum; 
From Half that Sum take tae Complement of the Altitude, and 


keep the Difference. ‘Then fay, 


piAstne Radius -—-——~ ose) 10.000C030 
To the Co-fine of the Latitude 51° 32’ 9.7938317 


So is the Co-fine of the Declination 19° 389 ———= ¢,9730573 
Pea tioiitheoiie peo} Oe ee 9.767819 


= ae 


~ 


| Again, 
- As the fourth Sine ——-——— 


ee 09.7578 109 


To the Sine of the Half Sum before determined 
So, 16°04” Psd ene t 9.9937044 


es eee gee 


t So is the Sine of the Difference 28° 33’ 56” ——— 09.6795768 


Cece ee 


——y 


———= 9.90 54522 


-————~— ome ae 


19.90 54622 


Sammon noah: 


‘The Sine Comp. of Half that Sum 26° 15’ doubled 9 952731 


Toa feventh Sine ——_— 


To which add the Radius -—- 


| gives the Time from Noon equal to 3h. 30m. as before: Whence 
the Time of the Day may be eafily found by the Rules laid dowa 


inthe preceding Page. 


Ors Nats 
-Tothe Arith. Comp. of the Co-fine of the Lat. 51° 32’ 0.206168 3 
Add the Arith. Comp. of the Co-fine of the Al. 19° 38’ 0.0260127 
Alfo the Sine of the Half Sum 80° 16’ 04’ 9 9937044 
_ And the Sine of the Remainder 28° 33’ 56” -—-— 9.6795768 


: Half the Sum of thefe four Sines —— ——=———_19.9054622 


Will give the Co-fine of 26° 15 ——: 9.9527311 
Which being doubled gives 52° 50, equal in Time to 3h. Ao 
A ry 


7 a 
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Or, By Gunter’s Ecale. ) 


Extend the Compaffes from the Sine of 90 Degrees on the Line | 
of Sines, to the Sine of the Complement of the Latitude on the 
{ame Line; the fame Extent will reach from the Sine of the Com-_ 
plement of the Declination, to a fourth Sine; then Extend the 
Compaffes from the fourth Sing, to the Sine of the Half Sum ; the 
fame Extent of the Compaflés will reach trom the Sine of the Dif- 
ference or Remainder, to a feventh Sine; againft which on the 


{ine of Verfed ftands the Hour trom Noon. 
Hence the Azimuth may be eafily determined, 
For,'s, ©. :-s,LPO°%2 6, PG + 3,P LO. That is, * 
As the Co-fine of the Altitude 38° 17’ §2” 9.8947592 


To the Sine of the Time from Noon 52° 30’ ~ 9 8994667 
So is the Co-fine of the Declination 19° 38° —— 9.97 39873 


To the Sine of the Azimuth from the Merid. 72° 12’ 9.9786948 
In the preceding Example the Latitude of the Place and Decli- 
nation of the Sun have been fuppofed both the fame Way, that is, 
both North; but if they be contrary, that is, ifone be North and 
the other South, then inftead of the Complement of the Declina- 
tion you muft make ufe of the Declination added to go Degrees, 
for in the adjacent Figure where the Latitude is fuppofed to be 
1° 32’ North, and the Declination 19° 39’ South, it is evident 
that the Side P © oppofite to the 
Angle 'Z, is equal to PA-+ Ag, 
that is, to the Declination increafed 
by a Quadrant or 90 Degrees; now 
as in either Cafe P © is equal to the 
Sun’s Diftance from the Vifible 
Pole, if inftead of the Expreffion 
Complement of the Declination, 
or the Declination more 90 De- 
grees, we ufe the Term the Sun’s 
Diftance from the Pole; thes the 
General Rule for finding the Sun’s 
Azimuth 


i 
Pins 
~~ 


of the Place 13° 30’ from O to P, 
and draw the Six a-Clock Hour 


- it the Fquator AQ. 
draw the Vertical Circle ZO© N, 


qual to the Azimuth, by Prob. the 
ad, of Sect, the Sth, of Part the 3d. 


tie Se LAflronomy. 7 Ta 


‘es 


es hy 2 ae eae Pig 

‘Azimuth, will in cach Cafe run thus; to the Complement of the 
Latitude add the Complement of the Altitude, and the Sun’s Dift- 
ance from the Pole tntoone Sum; from Half the Sum fubtracét the 


ee 


~ When the Latitude of the Place is lefs than the Declination of 


i the Sun, and both the fame Way, which will happen at certain 
} Times in all Places fituated between the Tropics, the Sun will 


appear upon the fame Azimuth Circle twice in the Morning and 
twice in the Afternoon. 


For Example, 


- Let it be required to find the Hour of the Day, and Altitude of 
the Sun, when he will appear upon the Weft North Weft, or Hatt 


North Eaft Azimath Circle at Barbadoes, in the Latitude of 13° 


30’ North, at the Time of the Sammer Solitice, or when the Sun 
has 23° 29’ of Northern Declination, which happens upon the 10+ 


of une. 


1. Haying drawn the Meridian 
ZONH, the Horizon HO, and 
at Right Angles to it the Prime 
Vertical ZN, fet off the Latitude 


Circle PS, and at Right Angles to 
9. Thro’ the Zemth and Nadir, 


forming an Angle of 67° 30°00’, e- | 


3. Abont the Pole P, at the Diftance of the Complement of the 
Sun’s Declination 66° 31’ co fec. draw the {mall Circle 7@ 9, by 


Prob. the oth, of Sect. the 5th, of Part the 3d. 
_< Where ‘this interfects the Vertical Circle, before drawn in the 


Points ©,O, it gives.the two different Places in the Heavens 


where the\Sun is when he appears under the fame Azimuth; and 


x ©, x ©, will be the different Altitudes of the Sun at thofe ‘Times, 


‘each of which may be meafured by Prob, the 7th, of Sect. the 5th, 
Uu 


f 
r 
[, 


4. Through 


of Part the 34. 


938 
PO,PO, and the Angles LPO, -ZPO, will give the Timed | 
from Noon, each of which may be meafured by Prob. the 870, of 

* Set: the. sth, of “Part the: 3d. Meee as : bt 


‘equal to the Complement of the Latitude, the Angle Z. the: Azis’ 


4, ‘Through the Points ©, ©,-aed P, draw the Hour Circles 


cen 


| But to find their Quantities by Calculation, a 
‘Tn the Oblique. angled Spherical Triangle. Z P© are given, ZP 


muth, P.© the Sun’s Diftance from the North Pole; whence to 
find Z©, the Complement of the Altitude, it will be, by the 3d 
Cafe of Oblique-angled Spherical Triangles, having firft let fall the © 
Perpendicular PR, | ! ~— 
) As Ry hci ety ss ty ace tye That is, 

As the Radius ———:-—— ———--——— 10,0000800° 


. Tothe Co-fine of the Azimuth 69° 30! ———__— 9.588307 
So is the Co-tangent of the Latitude 1 3° 30° —— 10.6196463. 


Tothe Tangent of a fourth Arch 57° 53’ si? 4 —— 10,262 4860 | 


! And again, . ! 
_ “Ases,ZP:cs,POiics,ZR: cs,OR...Thatas, | 
. «As the’Sine of the Latitude-13° 30’. —— 9.3681853. 


To the Sine of the Declination 23° 29' PAG Ris 9. 6oohoua 
So is the Co-fine of the fourth Arch Z R 57° 53’ 51” 3 9.725448 


othe Co-fine of the fifth Arch © R 24° 53’ 14" 4 — 9.9575726 
But ZR+O R=ZO. That is, If to the fourth Arch 57 deg. 
53 min. 51 fec. 3 be added, the fifth Arch 24 deg. 53 min. 14 fec, 
2, the Sum 83 deg. 47 min. 06 fec. +, taken from. 90 Degrees, 
will leave 7 deg. 12 min. 53 fec, 3 for the leaft Altitude * ©. But, 
If from the fourth Arch 57 deg. 53 min. 51 fec, ; be taken, the 
fifth Arch 24 deg. 53 min. 14 fec. 7, the Remainder 33 deg. 00 min. 
36 fec. +, taken trom 90 Deg, will leave 56.deg.. 59 min. 23 fee. 4 
for the greater Altitude, © reer t i) 
3 ‘Whence, 


I Ta:the Sine of the Azimuth:67° 30’ ———— 


Afironomy. | 339 
ec Whenee, to find the Time from Noon, it will be, © 
if As the:Coefine-of. the Declination 23° 29’ ———= ,9.9624527, 


ie ‘To the Sine. of the Azimuth 67° 30’ es iat 9.96 561 53 
_ So isthe Corfine of the leaft Altitude 7° 12' 53".4 9.9965476, 


i 
Nh 


tenn rere 


To the Sine: of the- correfpondent Time 87° 54’ 26” 9.9997102. 


_ anfwering to.5/hours 51,min. 37 fec. 4. 


Again, . 


i As the Co-fine of the Sun’s Declination 2 3° 20’ ——= 9.9624527 
ee 


were 


9.96 56153 


_ So is the Co-fine of the greateft Altitude 56° 59° a3"4 9.73621 93 


_ To the Sine of the correfpondent Time 33° 16' 55". 9.7393819 


_anfwering to 2 hours 13 min, 07 fec. 7. 


- Whence it is manifeft, that at Barbadoes on the 10th of Fune, 
when the Sun has his greateft Declination, he appears upon the 
fame Point of the Compafs twice in the Forenoon and twice in the 
Afternoon; that is, he appears onthe E N E, Azimuth at 6 hours 


8 min. 22 fec. 3 in the Morning, and again at 9 hours 46 min. 52 
| fec. § the fame Morning; at the firft of which Times he has 7° 
12! 53” 2 of Altitude, and at the fecond Time 56° 59/23" 2. 


os And again, 

_ Heappears onthe WNW. Azimuth at 2 hours 13 min, o7-féc, 2 
in the Afternoon, and again at 5 hours 51 min. 37 fec. 4 the fame 
Afternoon ; at the firft of which Times he has 56. deg. 59 min. 


_ 23fec. 4 of Altitude, and at the fecond only 7 degrees 12 min, 
| (53 fec. +. ) oh oe 


| Again, ; . , 
_ Suppofe it were required to find, at the fame Place and on 


the fame Day, what, fhall be the- Sun’s: greateft, Azimuth. from 
_ the Meridian, at what Time it fhall happen, and. at what Al- 


‘titude. . 


, Bie, Uy 2 : 1. Having 


PE De Ls PIE WIA 2s THA VN bet 
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1. Having drawn the Meridian 
ZON H, the Horizon HO, the 
Prime Vertical ZN, the Six a-Clock ° 
Hour Circle P'S, and the Equinoc- 
tial AQ, about the South Pole S, 
draw a {mall Circle # x g, at the Di- 
ftance of the Sun’s Declination (in 
this Ca/e 23 deg. 29 min.) to inter- 
fect the Horizon in x, by Prod. the 
oth, of Seah. the 5th, of Part the 3d. 


2. About the Point x as a Pole, deferibe the Vertical Circle — 
ZON, by the Directions given in Page 290, and through the — 
Points P, x, and S,draw the Hour Circle P© S, by Prob. the 4th, © 
of Seek. the sth, of Part the 3a, where thefe Circles interfect each 
other, asin the Point ©, it will give the Place of the Sun; then ~ 
will Z© be the Complement ofthe Altitude (which may be mea= — 
fured by Prob. the 7th, of Seé&. the 5th, of Part the 3d) the Angle — 
P’Z© the Azimuth, and the Angle Z P@© the Hour trom Noon; __ 
each of which may be meafured by Problem the 8th, of the fame 
Section, ae a 


+ oe 


But to determine them by Calculation, 


In the Spherical Triangle ’Z PO, Right-angled at @, are given © 
7Z,P equal to the Complement of Latitude, P© equal to the — 
Complement of the Declination; whence to find, firft, the Hour’ 
from Noon, it will be, by Cafe the 13th of Right-angled Spherical — 


Triangles, 
| “(), Age¢ ty -P.©)< ot/Z,. Pet Roses. cs Dae tangas 
As the Tangent of the Declination 23° 29’ : 9.6379563 ‘J 


To the Tangent of the Latitude 13° 30’ ~ 9.3803.537 
So is the Radius —-____ ___-___-_____. 1o,000000 © 


S22 


Tothe Co fine of the Hour from Noon 56° a7’ 20) 8 0 agn 974 i 


which converted into Time, will give 3 h. 45 min, 49 he as 


eo, 


! 2, To i 
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9, To find the Angle Z, or the Azimuth, it will be, by Ca 
the Sth of Right-angled Spherical Triangles, 

Pe of As SLPS. PQs% R$, 2. That is, 


_ As the Co-fine of the Latitude 13° 30’ oo! 9.98783 15 
3 “To the Co-fine of the Declination 23° 31' 297 — 9.624527 


So is, the Radius ——~— 2——- 10,000. 000 
To the Sine of the Azimuth 70° 36’ oon + ————. 9.9746212 
- 3, Tofind ©, the Complement of the Altitude, ic will be, 
by Café the 7th of Right-angled Spherical Triangles, 

fs Asros BO cee bet Rov cs," LO) (Thatis, 

As the Sine of the Declination 23° 29° oo! 9.6204099 
| ~~ 9,3681853 
em = 1 0,0000000 


"To the Sine of the Latitude 13° 39’ oof - 
_So is the Radius 


S'To the Sine of the, Altitude 35° 51’ 43" 5.———. 9.2677753 


: a 


Whence it follows, that the Sun’s greateft Azimuth -happens at 

- 8 hours 14 min. to fec. } in-the Morning, when he appears North 

nearly, or at 3 hours 45 min. 49 fec. $ in the Afternoon, when 

| he appears North 70 deg, 36 min. 09 fec. Weft, or Weft North 
Weft half Weft nearly; at each of which Times he has 35 deg. 

51 min. 43 fec.4 of Altitude, which is therefore the propercit 

Time for obferving the Azimuth of the Sun, becaufe the Varia= 

| tion is then the leatt, 

_ "The Sun’s Amplitude, by Prob. 2. of this Sect. (fee Page 32>) will 
be found to be 24 deg. 11 min. 33 fec. and confequently his Di- 
flance from the North Point of the Horizon wiil be 65 deg. 48 min. 

| 29 fec. whence, by the Help of the preceding Calculation, he will 

_ be found to have the fame Azimuth at 10h. 03 min. 36 fec. + in 
the Morning, or at 1h. 56 min, 23 fec, 4 in the Afternoon, when 
his Altitude will be found to be 50 deg. 43 min. 36 fec. So that 

between the Time of the Sun’s Rifing at 5h. 36 min. 00 fec. and 

| Sh. 14 min. 10 fec, when he has the greateft Azimuth, which is 
equal to 2h. 38 min. 10 fec, he alters his Azimuth but 4 deg. 
i ys MN. 


70 deg. 36 min. 09 fec. Eaft, or Haft North Haft a quarter Faft: 
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47 min. 42 fec. that is, not quite half a Point, during which Time * 
he alcends 35 deg. 51 min. 43 fec. above ‘tthe Horizon; and-again, 
between § h. 14 min. 10 féc, and” roh: 03 mine 36 fee. where his 
Azimuth becomesequattothe Complement of the Amplitude, and _ 
which is equal to 1 h.-49 mip. 26:fec. during: which: ‘Time: he 
gains 14 deg. 51 min. 53 fec. of Altitude, he alters his Azimuth 
again bet 4h. 47 min. 42 fec, andthe fame’ in the Afternoon be- 
eween the Elours-1 hy 56-mim 27-fec. and-3-h..45.min. 49 fec, and 
again, between 3 h. 45 m. 49 fec. and the Time ofthe Sun’s Setting; 
fothat between the‘T imeot the Sun’s Rifing/at 5h. 36 min. 00 fec. - 
and 10h, 03 min: 36 fec., ia the Forenoon, and: between 1 h. 56 
min 24 fec. in the Afternoon, and the Time of the Setting of the 
Sun, which is at 6h. 24 min. 00 fec. which is equal to 4 hours — 
97 min. 36 fec. during which Time the San a(cends and defcends | 
50 deg. 43 min. 36 fec. he alters his Azimuth-but 4 +5 whence it 
ic, that the Variation in thefe Places ma be obferved with the 
ereateft Exactnefs, fince a confiderable Error in Time or Alti- 
tude will make little or no Error in the Azimuth; and *tis for 
4 this Reafon that our Mariners ought to omit no Opportunity at 
Gach Times and in fuch Places, to make all the Obfervations they 
can poflible. ¢i0) 0! pomet 3 ‘i haat 
It is confirm’d by. daily Experiénce,, thatthe Atmofphere con= — 
sinues illuminated for fome Time after the Sun is fet, and begins: nt 
to be illuminated before he rifes; and by Aftronomers itis found 
to laf in the Evening ’till the Sun is defcended 18 Degrees be- — 
low the Horizon, when’ the {mallcft.Fixid Stars that can. ‘be feeny — 
with the Naked Eye, and‘fuch ave thofe; of the 6th Magnitude, — 
become Vifible, and that it begins in the Morning: when-the Sun’ | 
is within 18 Degrees of afcending the Horizon, and; when. thefe; — 
Stars begin to vanith, this Commencement of the. humination: of © 
the Atmofphere when the Sun begins to featter his Light through: © 
the Heavens, or firft Dawning, of the Day, is commonly, called. 
the Break of the Day, or Beginning. of Morning Twilight; as in, 
the Evening when this Illumination ceafes, and the Atmofphere: 
is wholly deflitute- of the Solar Rays,.it is called the. End of, 
Evening Twilight, or Beginning of Total Darknels. a 
Let it therefore be required to find the Beginning of Twilight; — 
in the Morning, and the’ Find of Twilight ia the Evening, in the 
Latitude of 51° 32' North, when the, Sun’s Declination is, 19° 
38’ North, © . 1. Having | 
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+ “4. “Having drawn‘ the Meridian 
_ZOWNH, the Horizon «HO, the 
Prime Vertical:Z.N, the Axis PS, 

the Equator A Q, and the Parallel 
cot Northern Declination ©: x, asin 

the fr/ti figure, about the Zenith Z,, 
draw the; dmall Circle o©@ 9, at the 
_ .Diftance of 108 deg. or which is the 
sfame ‘Thing,-a Parallelof Depreffion 
of 18 Degrees,where this-interfects. 

» +the >Paraltel.of Declination , before 

| Udrawn,-as-in ©,-gives the Place of 

| the Sun at the Beginning of Twilight in the Morning, or at the 

| End of Twilight in the Evening. } 

9, ‘Through the Point ©,.and the ‘Zenith and.Nadir, draw the 
‘Vertieal- Gircle Z. @ N ; .alfo through the Poles P and S, and. the 
‘tame Point ©, draw the Hour Circle P© S, and the Thing is done 5 
and the Angle © PQ, is equal tothe Time of the Begioning of 
‘Twilight in the Morning, and the Angle ZP© will give the End 
of the ‘Twilight inthe E-vening ; each of which may be meafured 
by Prob. the 8th, of Se@. the sth, of Part the 3a. 
-- Bat to find it.by Calculation, by the 11th Cafe of Oblique-angled 
Spherical Triangles, 

To P ©equal to the Complement of the Declination (in this Ca/e) 
“equal to 70 deg. 22 min..add 'Z P equal to the Complement of the 
~ Latitude of 38 deg. 28 min.. and 'Z © equal.to the Depreflion of 
“the Sun plus 90 Degrees, equal to 108 Degrees, from half the 

_ * Sum equal to 108 deg. 25 min. fubtract 'Z © the Diftance of the 

_ - Sun from the Zenith, equal to 108 deg, and keep the Remainder 

'oo-deg. 25min. Then 

_* 'Tothe Arith, Comp. of the Co-fine ofthe Latit. 51° 32’.0.2061683 

_ Add theArith. Comp. of the Co-fine of the Dec!. 19° 38’ 0.0260127 

_ Alfo the Sine of the half Sum 108° 25’ ————= ——=  9.0771674 

And the Sine of the Remainder 00° 25 —— ——-— 9 86 16623 

Sata od ee ORD 


Half the Sum of thefe Four Sines. 053 


‘will be the Sine of 6 deg. 14 min. which being doubled gives 
" | 12 deg. 


Be 
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12 deg. 28 min. for the Angle OPQ, and being reduced into 
Time gives 0 h. 49 min, 52 tec. for the Beginning of Twilightin 
the Morning, and taken from, 12 h, gives the Angle ZPO, equal — 
to if h. 10min. 08 fec. for the End of Twilight in the Evening, 
It has been already found, when the Sun has 19° 38’ of North — 
Declination, he rifes at 4h. 13 min. 16 fec. when the Morning Twi- 
light ends; wherefore, to find the Duration of Twilight in the - 
Morning, . He, Mt 9 ae 
From the End of Morning Twilight —— 4 13° 56 
‘Take the Beginning of Morning Twilight 2.0.) gol. ea 


‘There remains the Duration of Twilight in the Morn.3 23 94 


And becaufe when the Sun fets, the Evening Twilight begins, a 
He i a 


From the End of the Evening Twilight : Ir JO 08 N 
Take the Time of the Sun’s Setting ‘746 46 aan, 


There remains the Duration of Twilight inthe Even. 3 23 24 1 

And becaufe the Sun has the fame Northern Declination on the _ 
arb of Fuly, that he has on the 72h of May, it follows, that on — 
each of thole Days, the Day breaks or begins to appear at Oh, © 
49 min, 52 fec. inthe Morning; and. the Sun rifes at 4h. 13 min, 
16 fec, and fets at 7h. 46 min. 44 fec, and the Twilight ends ac 
11h. 10 min. 08 fec. at Night, when the Duration of Twilight is- 
3h, 23 min. 24 fec. | aye | 

When the Declination of the Sun becomes equal to the Diffe- 
rence between the Complement of the Latitude and the Depref- 
fjon, and both the fame Way, the Solar Rays never quit the He= © 
mifphere; theretore trom the Complement of the Latitude of Low= 
don, equal to 38 deg. 26 min. take the Depreflion.18 deg CO min. © 
the Remainder 20 deg. 28 min. is equal to the Declination when — 
the Total Darknefs ceafes; and this anfwering tothe 11th of May 
and the 1ith of Fal; if follows, that in Lovdon, trom the 11th of 
May to the 1124 of Fu there is no Total Darknefs, and that the — 
"Twilight continues trom toe Time of the Setting of the Sun till — 
the Time of his Rifing again. tay SHE'S EME hs 

[have here inferted fuch Problems only.as are ufeful in the 4rt of 
Navigation, but if the Reader’s Curiotity fhould excite himto know — 
haw all the Various Cafes of the Problems arifing. trom the Diurnal 
Motion of the: Sun or Stats may be refolved, he may confule the | 
sth Part of my Spfem ‘0° the Mathematicks, Volume tke Second. _ 
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For the Years 1737) 1738, 1739, 1740. ‘ 

: TOGETHER WITH | 
His Right Afcenfion in Time, and Declination from 
the Equator ; with Variations to make them ferve 
for Twenty Years to come: Anda TABLE of 
the Right Afcenjions and Diftances from the Pole 
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A Catalogue of fome eminent Fixed Stars, with their Right 
Afcenfions and Declinations ; deduced from the Flamfleedian 
‘OBSERVATIONS, and fitted to the Year 1738. 


Re. 


Stars Names. 


—— 


be Kuot of the String of the Fifbes — 
The Bright Star of Arics — 
The Faw of the Whale Mandibula —— 
The Head of Medufa : 

Lhe Bright Side of Perfeus Algenib. — 
| Lhe Goat Star Capella 
The Bright Fcot of Orion 
The Le/t Shoulder of Orion 
The Right Shoulder of Orion 
| The Dog-Star Syrius 
The Little Dog-Star Procyon 
Caftor, or theHlead of the Northern Twins 
The Lyon's Zail shad 
|The Virgin’s Spike ———-——_—_-—_—. 
Arcturus 
Lhe Northern Scale of the Balance 
The Bright Star inthe Neck of the Serpent 
The Bright Star inthe Northern Crown - 
Lhe Head of the Scorpion Antares 
The Head of Hercules —— ——- —— 
The Head of Serpentarius — 
The Right Shoulder of Serpentarius — 
The Bright Star in the Harp 
The Bright Star in the Eagle —— —— 
The Hand of Antinous —_—— 
| Lhe Right Shoulder of Aquarius ——— 
| The Shoulder of the Flying Hor Marchab 
In the Produftion of the Legs of the Fly- 
arm ee: Lore Sheat Soo! 6 
| LheMouth ofthe Southern Fijb Fomalhaut 

The Head of Andromeda ——.- —— 

The N.moft of the 4 Stars called theCrofiers 
The Southern Foot of the Crofg ——— 
(| The preceding Foot ——~ ere 
Pee nonoming Poop So 
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37 —— Aftronomical PROB LEMS. 


PE Gee Hl 
Containing Methods for determining the Times of 
the Rifing and Setting of the Stars, their Amplie 
tude, Azimuths, Hour of the Night, Cree 


A the Right Afcenfion of the Sun fhews the Degree of the 
! Equinottial that paffes over the Meridian with the Sun at 
Noon; fo the Right Afcenfion of the Star fhews the Point of the 
Equinoétial that tranfits the Meridian with the Star. 

Hence, the Arch of the Equinoétial intercepted between the 
Points of the Equinoétial, that tranfits over the Meridian with 
the Sun and any Star; or, which is the fame Thing, the Difference 
of their Right Afcenfions meafures the Space of ‘Time betwixt the 
Tranfit of the Sun and the fame Star. Wherefore, 

To find the Time of a Star’s coming to the Meridian, fubtract 
the Right Afcenfion of the Sun from the Right Afcenfion of the 
Star, and the Remainder fhews the Time of the Star’s coming to 
the Meridian. But if it happen that the Sun and Star are on con= — 
trary Sides of the fir Point Aries, that is, If the Sun’s Right 
Afcenfion exceed the Star’s, then to the Star’s Right Afcenfiop, — 


add 24 Hours. 
. Example the iff. 3 
if it were required to find at what Time. Ardurus will come to 


the Meridian the 1/7 Day of 4pri/, 17 38. : 
bh. tte 


From the Right Afcenfion of Ardurus - ? —— 14 Of 
Take the Right Afcenfion of the Sun at the Time propos’d 1 23 


There remains the Hour of the Star’s Southing ee 


| Example the 24. ; i 
Tf it were required to find at what Time the fame Star 4rifa- — 
rus will tranfit the Meridian on the 25th of Fanuaty, 17 38. 4 
Becaufe the Sun’s Right Afcenfion at that Time is greater than — 
the Star’s, : To 


a 
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| Besek ots air BG hb. tts 
To the Right Afcenfion of 4rurus se 14 OE 
Add 24 Hours ——__——— ase oo 2G 00 


Take the Sun’s Right Afcenfion at the Time propofed —- 21 16 


‘There remains the Time of the Star’s coming tothe Merid. 16 48 


After this Manner may the Culmination of the Moon, or any 
other Planet be found. _ : | 

Hence, and from the Latitude of the Place, and the Declination 
of the Star, may be found the Times of its Rifing and Setting, 
its Amplitude, the Time when it will appear due Haft and Welt ; 
and from the Star’s Height, the Hour ot the Night, and its Azi- 
muth at that Time. _ i a thoeer 
| For if in the adjacent Figure, | 
where PES Q reprefents the Meri- 
dian, P S the Axis, E Q the Equator, - 
| 'ZN the Prime Vertical, H © the 
Horizon, and m# the Parallel of the 
Star’s Diurnal Courfe. If through the 
Poles P and S, and F the Intertection 
of the Parallel w##, with the Horizon, 
an Arch of an Hour Circle be drawn, 
‘as PF $3 in the Triangle CF Rvare 
| ‘given the Angle at C, the Comple- 
ment of the Latitude of the Place, . 
fuppofe 51° 32’ North, and F R the Star’s Declination 20° 37’ in 
this Café North: Whence, to find CF its Amplitude, it will be, 


ibe si etic G2 Re SR PS ORC! Thay 27 
As the Co-fine of the Latitude of the Place 51° 32’ — : 9.7933317 
~ To the Radius ee #1 0Gc0000 


So is the Sine of the Star’s Declination OY een cen re 915466832 


nine 


‘To the Sine of the Amplitude’ 34° 28'S -—>—- == 9.752555 
Which 


374. Aftronomical PROBLEMS. 
Which being always the fame Way with the Declination, is there~ 
fore North: And hence, the Star Rifes Eaft 34°28" Northerly, 


and fets Welt 34° 28’ © Northe#ly. 


“For CR, the Afenfional Difference, it will bey 
Why sn Gt Ris ity Po Oy ee nde ise! 
As the Co-tangent of the Latitude of the Place 51° 32' 9.9000865 


To the Radius .——- — ; -10,0000000 
So is the Tangent of the Declination 20° 37’ — —— 9.5754272 


To the Sine of the Afcenfional Difference 28° 16’ 9.67. 53407 
Which converted into Time, and added to 6 Hours, becaufe the 
Latitude of the Place and Declination of the Star are both North, 
gives the Space of Time the Star requires to pafs from the Hori- 
zon to the Meridian. The Sum taken therefore from the Time 
that it paffes the Meridian, fhews the Time of its Rifing 5 but . 
added, gives the Time of its Setting. 

The Lranfit of 4rfurus over the Meridian on the 7 Ub. m 
Day of 4pri/ 1738, has been found already to be at —{ 12 41 00 

‘Take away therefore from thence, the Afcenfional i | . 
Diderence of the Star, increafed by 6 Hours po as 

And it leaves the Time of the Rifing ot Arfarus the st user 
fame Day — ¢ 447 5 


ee So eee Se SE 


— ee 
Gat 


i 


eG Again, papt hom 

To the Fime of its Trantit over the Meridian ——~ 12 41 o2 
Add the fame Sidereal Arch — — comsnem the ceo 
And it gives the Time of its Setting . 20 34 06 


Ifit be required to find its Height, and. the Time when it will — 

be due Eaft or Weft, on the 1/7 Day of April, 1738. 
In the former figure, thro’ the Interfection of the Parallel, with 
_the Prime Vertical at A, draw another Hour Circle, as PAR Se 
then in the Right-angled Spherical Triangle C A R, are giyen the 
-Anglesat C,.equal to the, Latitude of the: Place, andA .R the De- 
_clination of the Star: whence to find the Altitude AC, it will be 


LUST RQ sere Crs R&S GY PARe uSaAiCads Phanis; 263 


3 


As. 


Aflronomical PRO BhEiMs. 77-5 
As the Sine of the. Latitade of the Place aie 32 i 0.803 74:52 


To, tHe Racin 7 —— ————— —— 10,00¢0000 
"So is the Sine of the Star’s ‘Deetthation 20° 37" —— _ 9.5466832 


— eee 


—— 


| To the Sine ofits Height when due Eaft or Weft 26 43" 3-9. aa 


For the Time, it will be, : | 
| a cote Dhaai see's of Gime as wag Ov That is, 
As the Tangent of the Latitude of the Place 51° 32’= 10. gies 


To the Radius —~— j0,000c000 
So is the T angent of the Star’ 8 Declination 20° vary — 9.5754272 


ee 


To the Co-fine of am Arch 3° 3614 047 551037 
Which converted into Time, and fubtra@ted from the Time of the 
Star’s coming to the Meridian, gives the Time it will appear due 
Eft; but the fame Arch added tothe Time of its eae over 
the Meridian, seralese uy a ates it will be due Wett. | 


| Wherefore, 


If from the. Time of its coming to the Meridian the 14 b. tm. 
of April. —~ —— — aimee 4t 09 
Be taken away the Arch laft found —— ——— 4. 50 26. 


fe ae 
It leaves the Time when it will appear due Haff = 9 55 34 


Again, b. w-# 
TE to the Time of its paling | the Meridian —__.-__.._ rg 4L 00 
Be added the fame Arch. 


PI a a 4 G0 26 


f etal aly aligns) 
Tt gives. the Time that it will be due Weft —__. 17 3; 26 


_ fit were required to find the Hour of the Night, and Azimuth, 
_ from the Altitude of the Star 42° 00%, its Declination 20° 37', and 
the Latitude of the Place’51° 32’. -In the former Figure, draw wx 
parallel to the Horizon, at the Diftance of 42° 00’: The Star’s Al- 
ticude, through the Interfeétion of this Parallel, with the Parallel 


7 


Se ee cal ae a 2 fo Me ae 
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inn at», draw the Arch of the Hour Circle P x, alfo the Arch of 
the Vertical Circle 'Zx; then in the Spherical Triangle Z Px, are 

given’ Z,P. the Complement of the Latitude of the Place, Lethe — 

Complement of the Altitude, and Px the Complement of the De= 
clination of the Star in this Cafe North, = 
, “Whence, to find the Azimuth, Pie 

To the Complement of the Latitude of the Place — 39 28 


‘Add the Complement of the. Altitude of the Star —— 48 0° 
_ And the Complement of the Star’s Declination ——— 69 23 


———— 155 5: 


eee 


The Sem makes —— 
From balf this Sum ——_—_—_—-——_—-—_ 77 533 


"Fake the Complement of the Devlination ———~ —— 69 23 


eed 


The Remainder or Difference ig eae rita : 8 324 
: .. Then fay, 


As the Radius 


To the Coéfine of the Altitude of the Star 42° 00' — 9.8710735 — 
_ So is the Co-fine of the Latitude of the Place 51° 32° - 9.79 38317 


ee SG 


To a ath Siné —e eo 9.6649052 


pean ypeetiniey eeirre ser, 9.664905 
“To the Sine of the half Sum 97° 54 ig Boe 9.99028 2 
So isthe Sine of the Difference 3°52 Ls cami O17 “Boe 


As the 4th Siné — he 


ree 


bt, Sen Sine o.4005800 © 

To which ifthe Radius be added ——+—+- — 10.0000000 j 
“The Sine Complement of 9.7485939, half that Sum, 55° 54 2 
doubled, gives r11° 49% the Azimuth of Aréuras fromthe North. — 


ogy ABO seamen” OO Es . a a ae 
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Aftronomical PROBE EMS) . 377. : 
Or, . 


To the Arithm. Comp. of the Co-fine of the Alt. 42° 00’ 0.128926 5 
Add the Arith. Comp. of the Co-fine of the Juat. 51° 32' - 0,2061683 


Alfo the Sine of the half Sum 77° 55’3 —— - 9.99028 32 
And the Sine of the Remainder 8° 32'; ——-— 9.171 8099 


Half the Sum of thefe Four Sines ————— —-—— 1 9.4971 879, 


SOY eee ey 


will give ——— — — —— 9.748 5939 


eter 


The Co-fine of 55° 54’ 4, which being doubled will give 111° 49! 
for the Azimuth, the fame as was before inveftigated. ‘Td 


For the Hour of the Night, it will be, 
| ON or On <0 2h) radi ik Mi oarey Ps ty hat. 13, 
| As the Co-fine of the Declination 20° 37’ 9.971256 


To the Sine of the Azimuth 111° 49’ —-- -——— 9.96772.47 
So is the Co-fine of the Altitude 42° 00’ —— —— 9,8710734 


el ¢ 


To the Sine of an Arch 47° 297 —— —+—~— —— 9,8675421 
Which converted into Time, and fubtracted from the Time of the 
Star’s Southing, gives the Hour of the Night, if the Star were. 
| on the Eaft Side of the Meridian; but added to the Time of the 
_ Southing, gives the Hour of the Night, when the Star is on the 
_ Weft Side of, or is paft the Meridian. Hence, ~ | 

Becaufe on the 1/f of April, 1738, Ardurus pafles the Meridian 
at 12h 41’ oo”, it the Star were afcending ; thas is, fhort of the 
Meridian. ae - Be Hy © 

From the Time of its Southing 12 41 00 

Subtract the Time laft found ———»——--—--~ 3 9 56. 


| And it gives the Hour of the Night Ae wpe ae Se 9 31 04 
But if the Star be on the Weft Side of the Meridian 4. m "— 
TO the lame ofits Souththo’ =~ “12 41 00 

Add the Time laft found - —- 30 50m 


ae 


And it gives the Hour of the Night ——--—--—. 15 50 56 
Bbb And 


378 Methods for finding the Latitudes of Places. 

And indeed the Methods made Ule of for giving So/utions to 
all the Problems arifing from the Diurnal Motion of the Sun, may 
be applied to the Stars, if, inttead of the Time the Sun paties the: 
Meridian, the Commencement of the Solar Day, you make Ufe of 
the Time the Star pafles the Meridian, the Commencement cf the 
Sidereal Day. : 


peal Syd Onl eat ye 


Containing Metheds for fuding the Latitudes of 
Places, or, Heights of the Pole, by the Meridio- 
nal Altitudes, or Zenith Diftances of the Sun or 
Stars, avd their Declinations. 


WHE Latitude of any Place (as hath been already fhewn) is 
an Arch of the Meridian, contained between the Pole and 

the Horizon, and is ever equal to the Arch of the fame Meridian 

intercepted betweea the Equator and the Zenith. : 


Fig. the tf. For in the adjacent Figure, where PESQ_. 
Z reprefents the Meridian, E.Q the Equator, 
P the Northern Pole, HO the Horizon, and 
Z, the Zeoith: If trom ZO the Dittance 
oof the ‘Zenith from the Horizon, equal to 
P E the Diftance of the Pole from the Equa- 
' tor, be taken away Z P the Diftance of the 
oN 2 Pole from the Zenith, there will remain ZE 
: N _ the Diftance of the Zenith from the Equa- 
tor, equal to PO the Diftance of the Pole 

from the Horizon, equal to the Latitude of the Place. 
As the Declination of the Sun or Star, is their neareft Diftance 
from the Equator, and is equal to the Arch of the Meridian, in- 
tercepted between the Sun or Star and the Equator ;-fo the Me- 
tidional ‘Zenith Diftance, is the neareft Approach, ef the Sun or 
Star to the ‘Zenith; and is equal to the Arch of the Meridian, 
contained between the Sun or Star, and the Zenith of any Place, 
at the Time of their Tranfit over the Meridian. 


Hence 


ee i BORAT OO A on wow gm ~ a 2 = wary, Zs 

i) 7 
| va . | | 
' Hence we are taught how, from the Declination of the Sun or if 


Stars, and their Meridional Zenith Diftances, to find the Latitude j | 
of the Place of Obfervation. | | 


1. Ifthe Sun or Star have no Declination, the Meridional ‘Zenith | 
Diftance is equal to the Latitude of the Place 5 which if the Sun 
come to the Meridian South of the Zenith, it is North; but if 
the Sun come to the Meridian on the North Side of the Zenith, ic 
is South. : 

Thus, in Fig, the 1f, where EQ reprefents the Path of the Sun 
or Star, Z E the Meridional ‘Zenith Diftance, is equal to P O the 
Latitude of the Place, or Height of the Northern Pole. 

Again, Fig. the 2d. 

In Fig. the 24, 'Z,E the Meridional Ze- Z En 
nith Diftance of the Sun or Star, is equal 
to SHthe Height of the Southern Pole; 5 
fince E, the Place of the Sun or Star, ison H 
the North Side of the Zenith, | 


2. If the Sun or Star be in the Zenith, AED 
the Declination is equal to the Latitude, Q AS 
which is the fame with the Declination ; CN 
that is, if the Sun -or Star have North Declination, the Latitude is 
North; ifthe Declination be South, the Latitude is South. 

Thus in Fig the 1/?, if 'Z reprefent the Place of the Sun or Star, 
then ZE the Declination is equal to PO the Altitude of the Pole, 
or abe of the Place ; which is North, as the Declination EZ 
is North. 

_ Likewife in Fig. the 2d, if Z reprefent the Place of the Sun or 
Star, then Z E the Declination South, is equal to S H, the Alti- 
tude of the South Pole above the Horizon. 


6 


3. If the Declination of the Sun or Star, and their Zenith Di- 
ftances, be unequal, and both the fame Way ; that is, if they are 
either both North, or both South, then their Difference is equal 
to the Latitude of the Place. 

Thus, in Fig. the iff, if DC reprefent the Parallel of the Sun 
or Star’s Declination, which is South, as is the ‘Zenith Diftance, 
then ZE equal to the Excefs of 'Z,D the Zenith Diftance, above 

DE the Declination, is equal to the Height of the Pole above the 
Horizon. 


Bbb2  Exauple. 
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380 Methods for finding the Latitudes of Places, 
| Example the if, | | 


Being at Sea the oth of *fanuary, 1738, when the Declination 
of the Sun is 20° 06” South; I find the Meridional Zenith Diftance 
to be 68° 34' Southerly. be 


What is the Latitude of the Place, or Height of the Pole? — 


From the Zenith Diftance 'Z D ——~ ———~ ——. 68 | 34 ery 
Take the Declination E Diese Shee 24 06 South 


There remains the Latitude ——-—_—- —_. — 48 28 North 
| Example the ad. | | 


Admit on the 25th of March, when the Declination of the Sun } 
is 6° 06’ North, I find the Meridional Zenith Diftance to be 2 5° 
33¢North..\ SE ha OM: 

From Z D, in Fig, the 2d, the Zenith Diftance - 25 33 North 

Take DE the Declination -——-—— —- 6 06 North 


There remains’ Z E equal to SH the Latitude — 1 9 27 South 


Fig. the 3d. " , i Migs i) 
bes er Bat if it happen, as in Fig. the 3d, that 

Boa the Declination be more than the Zenith 
Diftance, then the Exxcefs of the Declination 
above the ‘Zenith Diftance, is equal to the © 


Latitude of the Place. 


Example. iat 

n | If the Declination be 22° 20’ North, ‘and 

the Meridional ‘Zenith Dittance 14° 55’ North; | ae 
Then from the Declination — ee 
Take the Meridionai ‘Zenith Diftance 


32 20 NL 


—_——— 


There remaias the Latitude of the Place eee 795N. 


¥ - . « 
= Ta 


/ 


~ mith Diftance, be added DE the Declina- 


ofthe Pole above the Horizon. 


‘To 'ZD the Zenith Diftance — 272 20'N, 


In like Manner, asin Fig. the ath,.ifthe | Fig. the 4th. 
Declination D E had ‘been 22° 20" South, “DZ 
“and the Meridional ‘Zenith Diftance E D had 
been-14° 55’ South; Then, eS) 
From the Declination 


e <span zr rae itt St 20 S. 
Take the Merid. Zenith Diftance -14 455, © 


There remains the Latitude ——- 7 255. Kore 
H's | ites 
4 If the Declination of the Sun or Stars, and their Zenith Di- 
ftancts be unequal and contrary 3 that is; 1fone be North and the 
other South, then their Sum ts the Latitude of the Place. 
‘Fig, the 5th. 
Za 


Thus, in Figothe-sth, if t0'Z,D the ‘ZLe- * - D 


tion, the Sum ‘ZF, is equal to the Height 


Suppcfe in Fig. the sth, DE the Decli- 
nation, to be 15° 27’ North, and 'Z,D ‘the 
Zenith Diftance, to be 32° 20’ South. 


To ED the Declination 


a i 


~~ ——— 15° 37’ North 


Add ZD the Meridional Zenith Diftance ——~ 32 20 Scuth- 


The Sum is the Latitude er ee 47 57 North 


Suppofe in Fig. the 6th, DE the Declina~ _ Fig. the 61h. 
tion be 20° 10’ South, and ZD the Zenith ra 
Diftance, be 27° 20’ North. iD 


Then 


Om 


Add DE the Declination. -20 Io §, 
The Sum is the Lat. of the Place 47 30 S. a 


If in either of thefe laft Examples it happen, that the Latitude 
of the Place be greater than the Complement of the Declination, 
then the Sun or Star will not fet, but will have two Meridional 
Zenith Diftances, the one above the Pole, the other below. 
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3B Methods jor puding the Latitudes.of Places, 
If in this Cafe you happen to take the 


: 


8 


and the Meridional Altitude be 7° 22’ 


To the Complement of the Declination 07° 40! N orth 
Acd the Meridional Altitude ——~——-——— 7 22 North 


(eer 


‘The Sum is the Latitude of the Pinee poe 75 12 North 


Bat if the Meridional Altitudes above and below the Pole can 
be obtained, then half their Sum will be the Latitude of the Place, 
or Height of the Pole, 


Fig. the 8th. Thus, in Fig. the 8th, if CO the leak 
Meridional Altitude of the Star, be 22° 10’ 


To DO the greateft Merid. Altitude 78° 30’ 
Add CO the leaft Merid. Altitude-22 10 


Half that Sum a. 
. ‘will be the Latitade——-—__—_- 50 20N. 
- If the Zenith Diftance be greater than the Complement of the 


100 40 


the Meridian on contrary Sides of the Zenith, as in Fig. the 9th, . 
| Then 

‘To the leaft Merid. ap # O— 7° 22'/N, 

Add the Complement of the? . 

other to BoP co’ DO Bir peti 


. Half that Sum wa 150 24 


———- 


“will be the Latitude EiealE baa 75 12 S 
: Pi 


_ big. the i °: ‘Zenith Diftance, when the Sun or Star ig — 
| =P below the Pole; to C P the Complement of 
B the Declination, add CO, the Meridional — 
E Altitude; the Sum is PO, the Height of 
EH. the Pole. . 


+O 
a Q Example. 
_ Suppofe the Declination 22° 10’ North, — 
> ; 


Declination, or, which comes to the fame, if the Sun or Star tranfic 


North, and the greateft DO 78° 30’ North, 


ne) & 


Methods for finding the Latitudes of Places. 38°37 


Tn the firft of thefe two laft Examples (as in Fig. the 8th.) where 


the Sun or Star tranfits the Meridian on the fame Side of tne 
Zenith ; 


If from DE the Declination ee —— 61° 50’ North 
Be fubtraéted ‘Z.1D, the neareft Approach of the ) 
Sun or Star to the Zenith; or, which is the fame Sur 30 North 
Thing, the leatt ‘Zenith Diftance ——-— : 
There will remain the Latitude of the Place —— 52 20 North 


Likewife in the fecond Example (as in Fig. the oth) where the 
Sun or Star pafles the Meridian'on contrary Sides of the Lenith ; 


If to ZD, the leaft Zenith Diftance, or 
Approach to the 'Zenith —— 
Be added DE the Declination 


pclae oe 02’ South 
22 10 North 


Gre eps 


The Sum is the Latitude of the Place, as before - 7§ 12 North 


Whence it is abundantly manifeft, that if the Zenith Difance 


and Declination are both North, or both South, their Difference 


will give the Latitude; but if one be North and the other South, 
their Sum will give the Latitude: And to find whether ic be 
North or South, take this Gexera/ Rule, 


Set off the ‘Zenith Diftance from the Zenith, if it be North, 


tothe Right Hand of the Zenith, but if it be South, tothe Left 
Hand, and it gives the Place of the Sun; from which Point f-t otf 


the Declination to the Left Hand, if it be North, but to the Righe. 
Hand if it be South, and it will give the Interfeétion of the Equa- 


_ tor with the Meridian: From this Interfection, fet off 90 Degrees, 
or a Quadrant in the Meridian, towards the Right Hand, and it 


will give the Place of the North Pole. Now,if the North Pole be 
above the Horizon, the Latitude is North, but ifit fall below the 
Horizon, then the South Pole will be elevated, and the Latitude 


_ will be South. 


As this Rule is general, and will ferve in all Cafes whatfoever, 


ic ought to be diligeatly applied to, and throughly underfiood, 


In 


984 Methods for finding the Latitudes of Places 9 ; 
In all thefe Operations, the Zenith Diftance, and Altitude of the. 
Sun or Star, has been tappofed Pure; that is, purged by Re- 
fraction : And therefore, before ‘the Altitude or ‘Zenith Diftance , — 
Obferv’d by the Quadrant be applied, according. to the former 
Initructions, they mutt be all Corrected by Refraction, according 
to thé following T ABLE, which fhews the Refractions to every 
Degree of the Quadrant, or how much muft be added to the Ze- » 
nirh Diftance; and’ fabtracted from the Altitude, Obferv’d by the 
Initrument, to obtain the true Zenith Diftance or Altitude. 


A Table of RefraGtions, /Leewng how muh muft 
be added..to the Zemth Diftance Obferv’d, or — 
taken from the Altitude, in order to obtain the 


_ True Zenith Diftance, or True Altitude. 
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: SS) Oat We AN 
Containing Methods for fading the Variation. 


. AP nothing is of greater Advantage to the Induftrious Sea- 
man, than a perfect Knowledge of the true Courfe upon 
_ which the Ship has, or does Sail; fo nothing contributes more to 
ir, than a frequent and diligent Obfervation of the mplitudes and 
Azimuths of the San or Stars; fince by the Heip of this he will 
be enabled, not only to difcover the Errors or Faults of his Coz- 
pafs, if any there be, but by comparing the Obfervations with the 
true Amplitudes or Azimuths, find how much his Needle points 
tothe Eaftward or Weftward of the true Meritian, or the Angle 
that it forms with it. . ; 
For, 
| As the true Amplitude fhews how much the Sun or Star rifes 
or fets tothe Northward or Southward of the Eaft or Weft Points, 
-number’d inthe Arch of the Horizon, and the Azimuth the Angle, 
the Vertical Circle paffing through the Sun or Star at any Time, 
makes with the Meridian, which is meafured by the Arch of the 
Horizon, contained between the Meridian and the Vertical Circle : 
So the Amplitude obferved by the Compafs fhews how much the 
Sun or Star rifes or fets to the Northward or Southward of the 
Eaft and Weft Points, according to the Compafs; and the Azi- 
muth, the Arch of the Horizon, contained between the Meridian 
pointed out by the Needle and the Vertical Circle 5 and the Diffe- 
rence between thefe, when compar’d together (if any there be) is 
what is call’d the Varsation, 

So that the Variation is an Arch of the Horizon, contained be- 
tween the Interfection of the Meridian with the Horizon, or the 
true North and South Points; and the North or South Points 
) pointed out by the Needle, which is ever equal to the Difference be- 

tween the true Amplitudes and Azimuths, deduced from Calcula- 
tion; and the Amplitudes and Azimuths obtained by Obfervation 
with the Needle. 
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How the true Amplitude and Azimuth of the Sun or Stars, at 
any Time, from proper Data, may be obtain’d by Calculation, 
has been fhewn at large in Segfions the 2d and 3d of this. Part, 
And how the Magnetick Amplitude and Azimuth, or Amplitude 
and Azimuth obferv’d by the Compafs, may be found, is fo very 
eafy in itfelf, and fo generally known to our Sailors, thaf it would 
be fuperfluous totreat upon it here; and therefore I fhall haften to 
thew how, when both are known, to difcover the true Variation ; 
or, how much the Needle points to the Eaftward or Weftward of 
the true North or South Points of the Horizon. | 


1. If in comparing the true Amplitude or Azimuth, with the 
Magnetical Amplitade or Azimuth, they be found to agree, then 
the Needle points exaétly true, and there is no Veriation, 


2. If in comparing the Amplitudes together, viz, the Magne- 
tical and True, they are found to differ, but are the fame Way; 
that is, both North or both South, then their Difference is the 
Variation > Which, if it be at Sun-rifing, and the Amplitudes be 
both North, and the Magnetical exceed the True, it is Haft ; but 
if they are both South, and the Magnetical exceed the True, it is 
Weft. 

Fig. the if. . Thus, in Fig, the 1ff, if S be the Place of 

N the Sun, Se the Magnetical Amplitude 
~ and SE the True; it is manifef, that 
the true Fiaft Point is to the Northward 
of the Magnetical; and confequently the 
North Point pointed out by the Needle, 
is to the Haftward of the true North 
Point, and confequently the Variation is 
Hafterly. ! 


Example. : 


If S e the Magnetical Amplitude be 30° 44’ North, and S E the 
truce Amplitude be 22°15’ North ; / 


From the Magnetical Amplitude ———~ ti 30° 44’ North 
Take the true Amplitude nm 22 «15 North 


ed 
Renters 


There remains the true Amplitude wae 82 Eat. 
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Ihe Variation of the COMPASS. 387 | a 
But if, asin Fig. the 2d, e S be the Mag- Fig, the 2d. 
netic, and E'S the true Amplitude South- N 
erly; it is manifeft, that the Eaft Point of 
the Horizon, according to the Compafs, is © 
to the Northward of the true Fait Point of 
the Horizon; and confequently the Vuria- W 
tion is Welt. | 


qW 

Example. . | | 

Admit the true Amplitude at Sun-rife, viz. ES were 19° 55° | 
South, and the Magnetical e S were 29° 50’ South. 1 
From the Magnetical Amplitude —-—— 29° $0’ South | 
Take the true Amplitude -——~ —— 19 55 South 


Pomerat ace 


There remains the true Variation me Oo 5 > Welt 


| 3. If in comparing the Magnetical and true Amplitudes toge- 
ther at Sun-rifing, they are both found to be South, and the true 
Amplitude exceed the Magnetical, then is the Variation Watt ; 
but if they are both North, then is the Variation Wett. 
| Fig. the 34 

Thus, in Fig. the 34, if SE be the true N 
Amplitude Southerly, and Se the Mag- 
netical; it is plain, that the true Eaft 
Point is to the Northward of the Magne- 
tical ; and confequently the Variation is 
Eafterly, 


Wherefore, 


If from the true Amplitude, fuppofe ——~ — 24° 15’ South j 
Be taken the Magnetical, fuppofe 10 ©O South 


——~ 14 15 Eaft 
Fig. the 4th, 
NX. 
Z S 


There will remain the Variation 


If, as in Fig. the 4th, SE be the true 
‘Amplitude, and Se the Magnetical; it is 
plain in this Cafe, that the Variation mutt 
be Weit, fince the Eaft Point of the Com-- 
pafs points to the Northward of the true’, Wp 
Eaft Point, 


ec) 2 Wherefore, 
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283° . The Variation of the COM PASS: 
| Wherefore, 


If from the true Amplitude, fuppofe ———— 17” 39’ North 
Be taken the Magnetical Amplitude, fuppofe ~12 10 North 


There will remain the true Variation —-——- 5 20 Weft. 
4. If in comparing the Amplitudes at Setting, the Magnetical 


be found to exceed the True, if they are both South, the Varis- 


tion is Fatt; but if they are both North, the Variation is Wett. 
Thas, in Fig. the iff, if © reprefents the Place of the Sun at 
Setting, © w the Magnetical Amplitude, and © W_the ‘True; it 
is manifeft, that in this Ca/é the Variation muft be Eaft, fince the 
true Weft Point is to the Southward of the Magnetical. 
. Wherefore, 
If from the Magnetical Amplitude, fuppofe — 34° 15’ South 
Be taken the true Amplitude, fuppofe ——— 17 15 South 


There will remain the trae Variation 
If, as in Fig. the 2d, the Amplitudes at Setting are both North, 


it ismanifeft that the Variation is Wett; fince the true Weft Point 


is to the Northward of the Magnetical. 


- Wherefore, 
If from the Magnetical Amplitude, fuppofe 22° 18’ North 
Be taken the true Amplitude, fuppofe ——-— 18 10 North 


There will remain the true Variation —- 4 08 Wet. 


5. If in comparing the Amplitudes together at Sun-fetting, the 
True be found to exceed the Magnetical, if they are both South, 


the Variation is Weft ; but if they are both North, the Variation is 


Eaft. 


Thus in Fig. the 3d, where © is the Sun, © W the true Ampli-_ 


tude, and @w the Magnetical; it is plain, that © is nearer to 
the true North Point than to the Magnetical; and confequently 
the Variation is Katt. 
~ Wherefore in this Ca/e, 
If from the true Amplitude, fuppofe 
Be taken the Magnetical, fuppofe 


22° 30’ North 
——~ 14 30 North 


oe 


There will remain the true Variation, re “40 Eatt. 
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Tf, as in Fig. the 4th, where © W the true Amplitude Souther- 
~ ly, exceeds © w the Muagnetical Amplitude 5 it 1s manifeit, that 
the Magnetic Meridian is to the Weitward of the True ; apd cou- 
fequently the Variation is Wett. . 
| | Wherefore.in this Caf, 
If from the true Amplitude, fuppofe ———» 17° 30" South 
Be taken the Magnetic Amplitude, fuppofe —12 10 South 


There will remain the true Variation - - § 20 Weft 

6. If in comparing the Amplitudes together, they be found to 
be contrary ; that is, If one be North, and the other South, then 
their Sum is the Variation; which, if it be at Sun-rifing, and the 
Magnetical Amplitude be North, is Eaft; otherwife Welt. 

Thus in Fig. the sth, where the Magne- Fig. the sth. 
tic Amplitude Seis North, and the true 
Amplitude E.'S is South; it is plain Ee 
equal to Nz, the Sum of the Amplitudes, © 
is the Variation Eafterly. © 


Wherefore, 

If the Magnetical Amplitude eS be 15° 

37’ North, and the true S E, 19° 42’ South; 

To the Magnetical Amplitude -—_— ——— 15° 37’ North 
Add the True Amplitude 19 42 South 


The Sum is the true Variation —»—_—— 35 19 Eaft. 

If, asin Fig, the 6th, the true Ampli- Fig. the 6th. 
tude at Sun-rifing SE be North, and the 
Magnetical ¢ S be South; their Sum Ee is 
the Variation Wett 5 fince the Eat Point t, 
pointed out by the Needle, is to the 
Northward of the true Eaft Point of the 


Horizon. 
Wherefore, 


If to the Magnetical Amplitude ¢ S, fappofe — 22% 30’ South 
Be added the true Amplitude E S, fepate 12 e North 


| The Sum is the Variation 
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+. If in comparing the Amplitudes at Setting together, they be 


found to be contrary; if the Magnetical be South, the Variation 


is Kaft; if North, the Variation is Weft. : 
Thus in Fig. the 5th, where Ow, the Magnetic Amplitude is 
South, and © W the. True, is, North; : 


If to Ow the Magnetic Amplitude, fuppofe — 15° 397’ South 


Be added © W the true Amplitude, fuppofe—19 42 North 


The Sum W w is the true Variation 35 19 Eat; 
fince the true Weft Point is to the Southward of the Magnetical. | 
In Fig the 6th, where @w the Magnetic Amplitude is North, 
and the True W© South, itis plain, that their Sum W w is equal 
to Nv, and the Variation Wett. ; 

Wherefore, . 
IftoOwthe Magnetical Amplitude, fuppofe —~ 22° 30’ North 
Be added © W the true Amplitude, fappofe —— 12 10 South 


34 40 Weft, 


‘The Sum ts the true Variation a aaa 


8. If in comparing the Azimuths taken at any Time, viz, the 
Magnetical and True, they are found to difagree, their Difference 
is the Variation; which, if it happens. to be in the Forenoon, and 


the true Azimuth, number’d from. the North, exceed the Magne= | 


tical counted from the fame Point, is Eaft; otherwife Wet. 


Thus in Fig. the 1/7, 34, and 5th, where SN the true Azimuth, 

exceeds Sx the Magnetical; it is manifeft, that the true North 

Point is to the Weftward of the Magnetical, and’ ‘confequently 

the Variation is Eaft. 
| Wherefore inthis Ca/e, 

If from the true Azimuth, fuppofe ——— _ 98° 20’ 

Be taken the Magnetical, fuppofe ——~ ——— 76 15. 


There will remain the true Variation ——~ --— 22 05 Eatt. 


In Fig, the.2d, 4th-and 6th, where Sa the Magnetical Azimuth 
exceeds S\N the Tne’; it, is plain, that the. true. North Point. is 
to the Eaftward of the Mignetical, and confequently the Varia. 
tion is Welk. _ Wherefore, 
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The Variation of the COMPASS. Bs 
aaa Wherefore, | 


If from the Magnetieal Azimuth, fuppofe —— 97° 3.5 
Be taken the true Azimuth, fuppofe ———_—_ 92 20 


' There will remain the true Variation —— —~. 5 15 Welt. 


9. In comparing together the Azimuths in the Afternoon, num= 
_ ber’d from the North, ifthe Magnetical exceed the True, their Dit- 
ference is the Variation Fatt ; but if the Trae exceed the Magne= 

+ tical, their Difference is the Variation Wet. : 
Thus in Pig. the iff, 3d and 5th, where © the Magnetical A- 


zimuth, exceeds © N the True; it is manifeft, that the true North 
Point muft be to the Weftward of the Magnetic, and confequently 


the Variation is Fatt. 
Wherefore, in this Café, 


If from the Magnetic Azimuth, fuppofe 106° 54’ 
_. Be taken the true Azimuth, fuppofe —-—— 102 13 


~ 


4 41 Fait, 
_ Tf, as in 7g. 2, 4 and 6, the true Azimuth from the North in 
-) the Afternoon, © N exceed the Magnetical Azimuth On; it is 
abundantly manileft, that the true North Point N, is to the Faft- 
ward of the Magnetical, and confequently the Variation is Wek. 


Wherefore in this Caf, 


If from the true Azimuth, fappofe ———= 129° 44! 
Be taken the Magnetical, fuppofe ——---—._ 442 30 


rel peered 


_. ‘There will remain the true Variation ——-—~ 15 T4 Weft. 


There will remain the true Variation —— 


Whence may be inferr’d this Genera] Rule. 


If the Amplitudes are both North or both South, their Ditfe- 
rence is the Variation ; but if one be North and the other South, 
their Sum ,is the Variation, whether it be at Rifing or Setting: 

_ And to find whether it be Eaft or Weft, fet off the true Ampli- 
tude from the Kaft, if it be in the Morning, or from the Weft, if 
it be in the Afternoon, the fame Way as the Ca dircets 5 that is, 
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to the Northward, if the Amplitude be North; or to the South- 
ward, if the Amplitude be South, and it gives the true Place of 
the Sun; from whence fet off the Magnetical Amplitude the con- 
trary Way to its Title; chaz is, towards the South, if it be North, 
or towards the North, if it be South, and it gives the Magnetic ~ 
Fatt or Weft Point; from whence-fet off 90 Degrees, or a Qua- 
drant upwards, and it gives the Magnetic North Point. Now, 


if the Magretic North Point lye to the Eaftward, or to the Right-_ | 


Hand of the true North Point, the Variation is Faft; but if it 
lye to the Left-Hand, or to the Weftward of the true North 
Point, tte Variation is Wet. ba . 


Likewife in Azimuths, if the Magnetic and True are both Eaft, 


or beth Wet, their Difference is the Variation; but if one be Haft, 


and the other Weft, their Sum will be the Variation: And to find 
which Way it is, fet off che true Azimuth from the North to the 
Eaftward, if it be Eaft, but to the Weftward, if ic be Weft, and 
it gives the Place of the Sun; trom whence fet off the Magneti- 
cal Azimuth the contrary Way to its Title, and it gives the Mag- 
retical North Point; which, if it fall in the Eaftern Quadrant, the 
Variation is Eaft; but if it fallin the Weftern Quadrant, the Va- 
riation is Wett. 


Thefe two laft Rules, as they are general, fo they are eafy, and 
ought to be well underflood : tor when a Perfon has accuftomed 
himfelf to them, he will be able, after he has found the Quantity 


of the Variation, to determine which Way it is, without being at — 


the Trouble of drawing a Figure. 
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4ATABLE of the Latitudes of feveral Eminent Towns | : 
and Sea-Ports, in the moft frequented Parts of the IVorld; 
together with their Longitudes from the Meridian of the 
Royal Obfervatory at Greenwicu. Thofe Noted with 
this Mark (*) being determined by Celeftial Obfervations ; 
the reft corrected by the Help of them. 


Places Names Latitude, Dif-ofLon 


Bermudas én the Weflern Ocean —-~ -—~| 32 30 
Bafora, by the River Huphrates ~ 
{Bell Ifle, ov the N. ‘Point of Newfoundland] 52 10 JIN 


[De 50M, 
} ea DUICa ye HVICKICO rE ge NI W | 
Achin, the North Point of Sumatra ———| o¢ 36. |N ry | 
Agra, the Mogul’s Court Sarma zona. IN E 
EE Mlep pO? oyna) ——— ar a ao IN E 
Alexandretta ## Turkey ———~ .. ——~ 36 go |N E 
| * Alexandrina RGR DIN coger nt Reged Lyall ch y 
- * Amiens 77 France —— Hb: See 1eq OU Sai E | 
Amboy, 10 the Watt Indiés ——= .—==| 24.35 |N|, E | 
* Amfterdam iz Holland §2 23 |N B | 
Antego, one of the Leward Wlands — —| 17 35 \N W 
Antibes 7# France ra ee ies ea SE 
* Antwerp 7z Flanders —- coves Pr neaicry Ane a rae had eet i 
* Avignon in France —-- — —-——— 43 $7 N FE 
{Babylon iz Afia Sie Mire GLEE Lolth! E 
* Ballafore Road, about 20 Milcs KN ( NI ue 
_ | from the Town ee ee {AE 20 |F 7 
Banjar 72 Borneo TERE CO iD 
*|Bridge Town ig Barbadoes —— -——| 12 58 |N W 
Parcelona i# Spain — a mara 4b Op hn E 
# Batavia, i” the Ie of \ava, in the E. Indies | 6 15 |S | E 
Bahama I/land, the North Point 26 30 IN W 
Bahia de Vodos Santos é# Brazile 13 00 {S WV 
Ww 
By 
W 

Bencola, ia the Ife of Sumatra 3 §0. |S |jror-13 |E 

Bantam iz the I/Je of Java —| § 47 Sihtog 54 1E 
_ *|Bayonne #7 Spain ——- ——- —— -—| 43 30 INI] 1 29 |W 

Ddd | Bay 
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394 A Vable of the Latitudes and Longitudes, Xc. 
Latitude.| 1 ,Diff-ofLon 
pede eres Se b. 
Bay of St. Auguftine, wear the G. of Florida 30 
{\Bengall, in rhe Ealt Tndies —| 49 
Bergen in Norway ————-__ ——._ 77] 61 
- Bombay 77 India —— oo ———— 1: «8 
*!Bononia iz Italy ——- —- ———] 44 
*/Bofton in New England === aemea 
Borneo in the Eaft Indies — ‘4 
North Point of the [land of Borneo ——| + 
South Point of the Ifland of Borneo -——~ 
*|Bourdeaux i# France —_- —- — 
*IBuenos Aires, ov the Eaft Coat of America 
*“/Breft iv France ——- ..-™— oo 
New Calabar, ov the Coaff of Guinea —— 
Cadiz zz Spain - arenes 
Calais in France — —— 
¥|Camboia 7# India —-—~* ——~ 
Cambridge in New England ——- —— 
y\Grand Canaria — = 
Canca iv Crete’ a ee 
Candia, in the Mediterranean Sea -- -— 
*|Canton in China —— ——. 
Campeche in the Weft Indies ——-  —— 
Calecut in India, on the Coaft of Malabar— 
CapeAmber, the N.nzoft Point of Madagatcar 
Capest. Anthony,attbe Mouth of Rio daPlata 
Cape Agatbus, wear tbeCape ot Good Hope 
Cape St. Anthony, at the Weft End of Cuba}- 
Cape St. Augutftine, i# Brazile ——~ —— 
Cape Bayador, ow the Barbary Goat —— 
a|Cape Bon Efperance eee a 
‘|Cape Blanco, ov the Eaffern Coafi of America 
Cape Britain ¢#@ Newfoundland —— —— 
Cape Catine, ov the Barbary Coait 
Cape Charles 7a Virginia | —— 
Cape Clear 7a Ireland psa 


Cape Cod in New England ——— Nat: 


Places Names. 
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NI] 
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7 A Babli gf abe Meatihaides “and Longitudes: Sc. 1890 
, : Latitude | |/DiffofLon 


Places Names. 


DM 

a : 
PiGane Camerin #7 Igdiar-———- i Bae % OO JN FE 
Cape Corientes, on the Weft Coaft of America) 19 40 | N MW 
CTO BTEC Uo pera 43 10 |N Ww 


Cape Florida, ia North America. ———}|.24 45 | N 
4 08 IN 


Cape Formofa, ov the Guinea Coaft E 
{Cape de Gallo, the South ‘Point of Ceylan—| 607 |N E 
. Cape Gardafui, by the Red tea -—— ——~] II 50 N E 
4 Gape Hateras z# Carolina 35 10 |N 
|Cape Henry é# Virginia 37 CO|N 
N 


Cape Horn, the S. ‘Point of Terra del Fuego) 57 30 


WwW 
W 
W 
Cape de Liampo, om the Coaft o/ China —— 28 30 |N BE 
Cape Lopes, on the Coaft of Africa — 1. Og4hS EB, 
| Cape Nailaw, ov the Haft Coaft of America’! 9 25|N W 
| Cape Negrais, in the Bay of Bengall 16 23 |N BE 
Cape Negro, on the Coaft of Airica —— 16 08 |S i 
North Cape, on the Eaft Coaftof America—j 2 05 |N W 
Cape Orange, ov the Haft Coaft of Americal 4.05 |N W 
Cape Ortegel, iv the Bay of Bifcay 44.02 |N W 
Cape Palmas, ov the Guinea Coaff 403|N W 
Cape Palmiras, 77 the Bay of Bengall 21 00 |N Ces 
Cape Race i# Newfoundland ——|.46, 30.01 N 
{Cape Rafalgat, near the Galph of Perfia—| 22 50 |N 
Cape Roque i# Brazile — ——} 5 00S. 
Cave. Sable 7# Nova Scotia ——— ~~). 43 45 
Cape St. Sebaftian, on the Eafi Coafi of Africa) 21 40 
Cape Three Points, ow the Guinea Coat |. 4 13 
Cape Siera Leona, on the Guinea Coaff —| 8 05 
|Cape Spartel, ¢ the Streights Mouth ——| 35 56 
|Cape ‘Trio i# Brazile Se, OS 


Cape Victory, at the Welt End of the 


Streights of Magellan ¢ eg 


ZOZOL 2 PLAZA 
shiges = eeeehset= 


% 


*|Cape Verde, at the Ife of Goree or 
Cape V.Mary, near the Streights of Magellan}. A = ' 

|Cape St. Vincent —— 37 06: | 
Cape Voltas, 0”. the, Coaft of Africa 29 00 : 


| Cartagena év America to 30 


% ~~ Ddda2 * Cayenne 


ae \, f 
Ui. Wd Ws bn ee noe ee A el OW be Ue eS SON OR — c 


Places Names. 
re Cayenne, in the Welt Indies —— —— 
*| Coyrous Egypt-co > foo oe 
Canes Town upon Afhley Rever ane 


*|Cheufan in China —_- 
Cubumbo iz Ceylan - —— ete 
Cochin in the ‘aft Indies ——__ 
Conimbra ia Portugal —- -—— 


*|Conftantinople iv Vurky ——- —— 
* Copenhagen in Denmark -— ie ay 


fees es bese eerenes 


Cracow é# Poland 
Eaft Ena of Cuba 
Cufco in Peru 
Darien iz South America 
*/Dantzick is Poland ——— -—-— 
Derwinda, i# the Baltic Sea 
Dew Point, on the Coa/? of Cormandel 
*| Diep ix Normandy 
Saint Domingo iv Hifpaniola 
Dublin v7 Ireland. 


ee 


a 
ee eee essa 
CRT 


re 
ee 
eurewee 


* Dunkirk zz Flanders — — 
Durazzo in Dalmatia —_—  —— 
*| Edinburgh 7 Scotland — — 
*| Embden i# North Holland —— — 


Elfenore, i# the Baltic Sea —— 

Fero Infula, ove of the Canaries 

Fez in Morocco ene 

*|Florentia in Italy — 

Formofa North Point —~ — 
Formofa South Point —— pane 
{Fort St. George én India ei 
Francfort ov the Maine | 
F’yal, one of the Wefern lands — — 
Geneva én Italy — men — 
-|Genoa év Italy — — am me 
#|Ghent ia Flanders —— 


+ 


———s 
—— — 


Corvo, one of the Weftern [les ——- ——| » 


306 A Table of the Latitudes and Longitudes, Xe. 


Latitude. |. 'Diff.ofLon} 
Doe NCH ID. ces 

4 56 |N]] 53 10 
30 04 IN|] 31 26 
32 40 {N/| 78 50 
30 00 |NI i120 30 

6 35 NI] 79 10 
10 00 jNI} 75 45 
40 30 INI} 9 45 
41 07 IN|] 28 55 
56 13 |Nj| 12 45 
39 55 |Ni| 3r 55 
59 10 IN| 19 30 
20 05 2 74 00 
122 Gal 

8 30 IN|] 78 ne 
54 04 IN|] 18 57 
57 15 1N}} 22 o1 
16 29 |N]| 84 15 
49 50 IN| 1 50 
18 20 [Ni] 71 50 
53 12 IN| 7 co 
SPO IN| [Sahoo 
41 58 IN| 17 20 
55 57 |Ni} .3 00 
53 05 \Ni/}_ 7 30 
56 33 IN|] 12 27 
27 35 |N.19 15 
33 10 INI} 6 co 
43 41 (Nj] II 20 
25 06 |N||I20 05 
21 30 IN|/[L119 30 
13 08 IN| 80 oo 
50 04 Nj} 8 45 
39-13 Ni} 30005 
46 22 |Ni| 6 30 
4427 IN| 9 45 
51 03 Nil 3 45 
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A Table of the Latitudes avd Longitudes, Xe. 
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Latitude. | | iffofLon} 


Places Names. De NES De lecrng 


a See ea ESS | : 
Goa in India a Sere ty GLEN | 7345 |E 
*|Goes iz ‘Zealand =~ SUES sete Ath A Oe olson omar | 
Gottenberg i# Swedeland ———~ ——| 58 07 jn] to 59 IE | 
Greenwich a¢ the Obfervatory race ta aeoetces be | Leg of 
x|Guadaloupa, one of the Leward Iflands —| 36 30 INI 61 20 |W 
| Grenoble zz France - — 45 16 iN] 6 oO IF 
#{Hamburgh ## Denmark ———-) -—| 53 at ini] 10 30 |E | 
Havana, in the Ile of Cuba ——- -—} 2) go-|nl; 83 co [W 4 
Havre de Grace #7 Frances — -————| 49 30 |WIl 0 o7 IF; | ie 
eidelburayz Germany! ——- 7 =| “49 30 | 9 OO 1K 
Hoaignan tn China ae ee 7 es. 35 \N, 118 00 BRB 
xijammateay! Port Royal , —-—— © ——=s|"17 40 Ni 46 37:1W | 
| Japon, South Haft End A ehSs SO Nar SOUR: | 
| Japon, South We End = = ———— | 34 30 [N]'129 3018, 
ava, Eaft End ERI = eee 50 S 1 13 37 c 
ava, Wel End —= ari — 6 50 S 103 45 EK 
Jerufalem iw Paleftine iv Syria ——— | 31-50 |N}} 35. 20 | 
Ingolftad 77 Germany 48 4o|N) 11 37 1a} : 
«| Infprack in Germany ——— Sea ts UNE Toa fe z 
Ifland of Afcenfion, ia the Southern Ocean | 7 40 |S || 14 50 |W | 
Ifland Trinidada, im the Southern Ocean -| 20 30 |S || 30 00 |W e 
Ifpahan 7m Perfia 32 25|Ni} 52 501K aE 
Judda, zm the Red Sea camer 7 COMUNE orn Kea ee 
«| Konningsbergh é# Pruifia om ot 43 N 21 30 fi | a 
Leghorn iv Italy «—— — ——1 43 181 Ni] 13 55 Pu 
#| Leipfick 77 Germany} = me SNL 3 0 
Leige in Germany ———| 5o go IN| 6 coful 
Lima zz Peru — ———| I2 OF S| 78 507W 
| Lintz 72 Auftrie ———— 3 —————| 48 16 |N:| 15 oO JE 
x| Lions 74 France —— —= —/45 451N| 5 COJK 
x| Lisbon i# Portugal — ————| 38 43:51Ni| 9 07 Fs 
| London 7# England — ———} 51 32 [NJ] 0 O5 JA 
The Lizard in England = —— 50 co FN] 5 10 'W : 
‘Loando de St. Paulo, on the Coaff of Africa) 9 20 }>]| 14.15 |E 
‘Lubaw iv Courland —— 56 32 | Ni}-21 4a |B 
' y| Lubec #7 Denmark — ——| 54 46 |Nil 9-50 la | 


[398 4 Table of the Latitudes avd Longitudes, &c. 


_ | Latitude. | 


Places Names. 


+Macao in China Hae 
Madagafcar Bay of Terra dell Gada — 
Weft End of Madera —— mera 
Madtid iv Spain eT 

*| Majorca in the Mediterranean Sea 

*|Vialacca in. India ——- ~ -—— 

Malta in the Mediterranean Sea 9 =———~ 
+|Viartinica, ove of the Leward Ilands —— 
Marfeiles in France ——— EEN By: 
*/Saint Maloes iz France —— - 
{Saint Mary, one of the Weftern [les —— 
“Mleca in Arabia Foelix ———- ————amees 
Meffina in Sicily —— ae no 
*|Mexico zz America ae —— 
i(Muchin iv Bavaria. -— —— 
*|Montpelier ## France -—— ae 
“IVMofcow im Mofcovia — 
*|Namur 77 Flanders —— 
Nangafack iv Japan —— -——— 
*\Nancy i# Lorrain -—— 
*/Nants iz France 

Naples iv Italy -—~ 
/Nanquin i# India 
~[iNaze of Norway —— 
«| Narbon, i# the Mediterranean Sea 

Narfinga, én the Eaft Indices — 

‘New York Fort in America —— 
Wervass ‘Livonia 9.) 2 

alINice iv Provence — onocmees 

xINingpo, or Liampo, i# China — 

#|Noremberg i# Germany 
Nycopingin é# Swedeland 

jOldenborg in Germany —— 

x Olinda in Brazile, or Pernambuch - 

\Cporto i# Portugal —. 

#|Oxtord ig England  — 


‘SpuIBeT HON 


Cre eee 


as 


ed Ld SIL BPEL 


“ A Table of the Latitudes and Longitudes, Xe. 399 
hi ; | Latitude. DitiofLon 
Places Names. AEE ss MM ) 
Ozaca in Japan PT at Sey aN 136 20 E 
fi */Padua zw Italy = ; A5 31 INT} IL 15 iB 
; Panama, on the Weft Coaf? of America ——-| 8 56 |n|} 82 18 )M 
-  *!Paris in France, at the Obfervatory -——-| 48 so |NI| 2 20 E 
*|Pekin i#-China, at the Objervatory ——| 39 55 |Ni|t16 55 “1h 
; +|Petersburg, the upper End of the Baitic Sea 60 30 |N|| 30 15 E 
Pico, one of the Weltern [lands ——| 38 45 IN|| 29 56 |W 
Pico Teneriff iv the Weftern Ocean ——| 28 30 |Nj] 18 fo | W 
Pernaw, in the Baltic Sea - 58 28 INI| 25 47 1E 
Puli Condor in the Eaft-Indies 8 45 IN|}1O5 55 |B 
Portobello i# America —| 9 55 INI] 80 15 |] % 
{Port St, Julian, ov the Zaft Coaft of America, 48 4o |S || 74 CO | 
Ne Port Royal, on the Eaft Coalt of America -) 32 22 IN|{ 78 20 | 
*/Poudicherri, ov the Coal? of Cormandel —] 14 54 IN|} 80 15 | 
*|Prague 7# Bohemia 50 40 |N|| £4 30 
Providence, owe of the Bahama IMJands —| 25 co |N|| 77 20 
Quebeck, New France ————«. 46 55 INI| 69 53 
_ #(Ratisbon iz Germany = ——' 48 59 IN;| 12 10 
Reggio iwitaly -—— — ——1 42 15 IN]! 15.45 
Riga in Livonia Seasonal 57 O4 INI| 25 27 
Revel za Jivonia ——— | 59 35 IN|} .24 5! 
*|Zhbe Mouth of the River Gallego, near the s F ‘é 
AR Streights nic aera aS roy Sey athe 75 
iver Amazone, ov the Eaff Coaft of | 
America - —— ; se cle AN | Res aie ie 
#(Rhodes iv France 44.20 INI] 2 34 
 #|Rhodes, i# the Mediterranean Sea -——| 36 go |N]}| 28 co , 
t #(Rochell iz France ~——- | #0e00 aN] |v 14.03 
i a|Rome 7a Italy ————| 41 54 [NI] 12 523 
x|Roftock 747 Denmark. ——— 145457 Nil 11 35 
s|Rotterdam iv Holland —- —~]| $1 55 IN] 4 15 
x|Roven in France a ——| 49 27 IN| 3 45 | 
Salamanca i# Spain) -—— ween | gr 12 IN| 4 00 | 
Saint Salvador iw Brazile — —! 12 47 |S 40 4o 


Sal, one of the Cape de Verde I/Jands —~-| 16 45 N | 22 30, WI 


y| salonica 77 Greece 


me G 4 / Ny z 7 
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dton «=A Table of | the Latitudes aud eee ro G ood 


Places Raines. Latitude. DiffofLony 


Saint Sebaftian, the South End of Ma- 2 | 
dagafcar Sa 
*(Sevil @aSpain <———— 
Scandroon in Vurky 
Siam iv-India —— oo 
*[Smirna i# Ionia, ia the Lefler Afia —-=|° 
Sphaham-i# Perfia © —- 
Stockholm i# Swedeland —— —— 
Stralfond, iv the Baltic Sea = —— 
Streights of Sunday, 1 the Haft Tega . 
Surinam, on the Eaft elas of South? 
America moon f 
Surrat i India 
Syracufa ia Sicily —— 
Tangier, in the Strioghts Mouth 
Teneriff, the North Point 
Toledo é# Spain — 
* Toloun. iv France 
Trinidada, one of the Charibbee lands — 
[Tripoly iv Barbary 
“(Tubing in Gorman ys ea 
Valentia 72 Spain eee eee 
_|Venice im Italy — ot 
Vera Cruz in America = —— Eke 


3 
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Vienna 7a Germany — 
,(Uptal in Swedeland —— -—~ 
_|Uranibarg in Denmark —— 
“Utrecht, in the Low Countries — 
Widdah, aon the Guinea Coaft — 
* Wirtemberg im Saxony — 
|Wollenbuttle #7 Germany ae 
Wyborg, éu the Ba’ tic Sea 

* Vio i Peru wie 


York i# England —_—-- 
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